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CARCINOMA OF THE COLON AND RECTUM* 

DIIDUCTIONS FROM EIGHT HUNDRED OPERATIONS 

Fr vnic H L vhey, AI D 
Boston, Mass 

The title of this papei Yas chosen in oidei that I might not be limited m 
it to the discussion of any one aspect of this disease, but rather so that I 
would be able to piesent deductions fiom oui expeiiences with vaiious 
aspects of the subject w'hich might be of value to otheis who have perhaps 
not had the oppoitumty of dealing wath these patients m such numbeis 
^^d^lle CAeiyone w'ho is dealing wuth patients wdio have caicmomata of the 
colon and lectiim is vei}^ conscious of then frequent oiigin m polypi and ade- 
nomata which aie, on then fiist appeal ance, benign, altogether too little has 
been wiitten and said conceining the lelationship of polypi and adenomata 
of the laige intestine to cancel Those of us who are inteiested m this subject 
ha3e pleached and wnitten on the need foi eailier diagnosis of caicmoma 
of the laige bowel, the lelatively low^ giade of malignancy wdiich these lesions 
show, and the high peiceiitage of cnies which can be obtained by ladical 
siiigical nieasuies We need, how^evei, to call attention foicibly to the fact 
that since most cancels of the lectum and colon oiigmate in lesions which 
aie piimaiily benign and lemovable m then benign stage, tbe most impoitant 
teaching wdiich can be spieacl befoie the public, medical and lay, is the need 
foi the diagnosis and lemoval of polypi and adenomata befoie they become 
malignant 

When one leahzes that 75 pei cent of all the caicmomata occuiiing 111 the 
laige bow^el aiise m the descending colon, sigmoid, rectosigmoid and lectum, 
that the statistics of Mi J H Saint show that 65 pei cent of all the polypi 
occuiimg m the laige bowel aiise in the descending colon, sigmoid, rectosig- 
moid and lectum, one cannot avoid making the deduction that theie is a 
distinct association betw^een the twm One cannot avoid making comparison of 
the oiigin of caicmoma of the thyioid in adenomata wdiich aie piimaiily be- 
nign with the oiigiii of cancel of the rectum in papillomata and adenomata 
wdiich aie likewise pnmaiily benign, the lemoval of which, 111 both instances, 
while still benign is the desiiable stage 111 which to attack potential caicmoma 
of the laige bowel 01 potential caicinoma of the thyioid 

When one leahzes that most of the pathologic lepoits of specimens of 
carcinoma of the colon and lectum aie eithei malignant adenoma 01 adeno- 

* Read before the Southern Surgical Association, White Sulphur Springs, W Va, 
Decembei 6, 7, 8, 1938 
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caicinoma, one likewise cannot avoid making a deduction of a possible associa- 
tion between this lesion and polypi and adenomata 

When one visualizes typical lesions found in caicinoma of the colon and 
lectuni spieading fiom a cential point to a peiipheiy with elevated edges, one 
cannot likewise again avoid making the deduction that such a carcinoma 
started in a lesion at a centi al point whicli was oi iginally benign, only to be- 
come malignant and spiead pei iphei all}^ 

When one fuithei lealizes the quite well established clinical maxim, that 
when a malignant lesion of the laige bowel completely enciicles the entiie 
calibei of that stiuctuie it is fiom six months to one yeai old, one cannot 
avoid making the deduction that this lesion in the beginning started at a local 
point, pi obably fi om a polyp oi adenoma, only to spi ead out pei ipherally and 
involve the entiie lumen of the bowel 



Fio I — \ rectnl poljii seen tliiouRh 
1 proctoscope This is m iclenl pohp foi 
fulguntion nnd one enn leidily nppicente 
from this lesion how ciiciiionn nnj oi igi 
inte in it 



1 IG 2 — Poljp iemo\e(l fiom the sig 
iiioiti h} sigmoidotomj This occurred in 
i doctoi in wliom there was a history of 
blood in the stools for a period of two 
itars the cause neier baling been dis 
coicicd This was, however, hn illj dem 
onstrated l)> contiast enemata 

Pathologicallj it proved Iienign Note 
the generous area of mucosal base removed 


All of the above deductions lead one to the conclusion that we must all 
be moie diligent and painstaking m oui seaich foi polypi and adenomata 
in the piesence of the passage of any blood by lectum 

While thoiough pioctoscopic, sigmoidoscopic and contiast baiium enema 
examinations must be undei taken in the colons and lectums of all patients 
passing blood, theie is an even gieatei necessity that loutine pioctoscopic 
and sigmoidoscopic examinations be made on all patients piesentmg them- 
selves foi physical examination for any condition whatsoevei, no mattei how 
unrelated it may be to a possible colon oi lectal lesion This is necessaiy, if 
we aie to discovei the laigest possible numbei of polypi and adenomata be- 
fore they have become malignant in chaiactei oi ver}”^ early m then stage of 
malignant degenei ation, since many of these polypi and adenomata exist 
without the appeal ance of blood in the stools until they have become malignant 
111 chaiacter As evidence of the value of this loutme pioceduie, it is of in- 
tei est to state that with routine pi octoscopic examinations made in the clinic, 
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only within the last two to thiee )'-eais, polypi and adenomata have been 
found and lemoved either by fulguiation thiough the sigmoidoscope or 
pioctoscopc 01 by sigmoidotomy oi colotomy m 250 patients One cannot, 
of coLiise, say that eveiy one of these patients would have had a cancer of 
the lectum 01 colon, but again one cannot avoid making the deduction that by 
the icmoval of these adenomata, ivhile still benign, a number of these patients 
have been saved fiora the latei development of caicinoma of the lectum or 
colon 

The piopei piepaiation of patients foi sigmoidoscopy, by means of cleans- 
ing enemata and the piopei tables foi obtaining satisfactoiy position foi proc- 
toscopy and sigmoidoscopy, haidly lequiies mention It is, howevei, of gieat 
impoitance to call attention to the gieatei satisfaction with which such exam- 
inations can be made with the patient hanging ovei the edge of the piopei 
table so that the lectiim hangs b}^ its levatoi and anal attachments When 
in octoscopic and sigmoidoscopic examinations aie made m this position, liq- 
uid feces do not lun into the examining instiument to occlude vision, and 
the walls of the suspended lectum and sigmoid adjust themselves leadily to 
visualization of polypi, adenomata and malignancies arising in them 

As the lesiilt of 0111 expeiience in fulguiatmg these polypi and adenomata, 
we would paiticulaily call attention to the dangeis associated with fulguia- 
tion of high polypi and adenomata and the need of undei taking fulguiation 
in such high lesions with the patient in the hospital wheie emeigencies, should 
they aiise, can be immediately dealt with One can never be suie, in ful- 
guiatmg polypi and adenomata high in the lectuin and sigmoid, that un- 
contiollable bleeding will not occtii Should such a situation aiise m a patient 
fulguiated in one’s office, valuable time and unnecessaiy blood is lost m tians- 
poiting such an individual to a hospital foi a necessaiy abdominal proceduie 
to contiol such bleeding 

One does not need to discuss befoie this audience the value of contrast 
enemata m demonstiatmg laige bowel adenomata and polypi while still in 
the benign stage and safely leinovable by colotomy Roentgenologists should 
not foi get the necessity of thoioughly cleansing the entiie colon if one wishes 
to obtain good outline patterns of the mucosal lining of the colon One can- 
not expect thin baiium mixtuies to adheie to the mucosal wall of the colon 
when that stiuctuie is filled with feces 

We are so constantly uiged, both by patients and then family physicians, 
to pel foi m local, nonmutilating opeiations by which the sphinctei is preserved 
when the lesions aie veiy small, that one of the impoitant deductions which 
has 1 esulted fi om this expei leiice should be foi cibly stated , that is, that m 
geneial, the smallei the lesion, if definitely proven to be malignant, the more 
aggiessive should be the suigeiy, as the bettei is the chance foi a permanent 
cuie One is a pooi advisei if one peimits himself to be peisuaded by un- 
wise patients and an uninfoimed family physician into peifoiming a local 
operation on a small malignant lesion only to have the patient return foi a 
ladical opeiation 111 a state when the possibility of a cuie is hopeless 

Di Neil W Swinton has leviewed 100 proven cases of caicinoma of the 
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light colon, 100 pi oven cases of caicinoma of the left colon and lOo pi oven 
cases of caicinoma of the lectum, lelative to then symptomatology (Table I) 

Table I 

ANALYSIS or 300 CASES OF PROVEN CARCINOMATA OF THL LARGE BOWEL AT DIFFERENT 
LEVELS, REIATIVE TO THEIR SYMPTOMATOLOGY 




Left 

Right 



Rectum 

Colon 

Colon 

Total 


100 

100 

100 

300 



Per Cent 


I Altered bowel function 

79 

82 

81 

80 

2 Abdominal cramps or pain 

7 

77 

87 

57 

3 Abnormal stools 

86 

47 

9 

46 

4 None 

2 

2 

3 

2 3 


When one realizes that out of these 300 cases of pi oven caicinoma of the 
laige bowel at diffeient levels, 975 per cent had an alteiation in some foim 
of bowel function, one wondeis how it is possible to miss the diagnosis 111 
these cases 

While alteiation of bowel function as an indication of the piesence of 
a possible malignancy of the colon has been repeatedly pieached and wiitten 
about, there is still a lamentable lack of appieciation in the minds of lay 
people and many physicians that an alert awai eness of the significance of this 
symptom as an indication foi thorough colonic and rectal examinations would 
bung about many moie earlier diagnoses than aie now made This altera- 
tion consists of constipation, diarrhea, alternating constipation and diarrhea, 
passage of blood or a change m the caliber of the stool The presence of any 
one of these alterations m bowel function should make pioctoscopic and 
sigmoidoscopic examinations, adequate rectal examinations and colonic in- 
vestigation by contrast enemata obligator)'- 

Perhaps theie has been nothing which has been more encoui aging to 
everyone who is dealing with these lesions than the piogiessive inciease in 
operability of these patients with carcinoma of the large bowel, as they present 
themselves for examination in the later years Up to thiee yeais ago, oui 
operability in terms of radical removal of the lesion was 69 pei cent Up to 
one year ago this had inci eased to 72 per cent, and during the last yeai the 
operability increased to 88 per cent When 88 per cent of the patients pie- 
sentmg themselves for the question of surgery can be submitted to radical 
procedures, some explanation, of couise, becomes necessary, and such a high 
operability rate cannot be expected m everyone’s hands This high rate 
IS explained, we believe, (l) by the fact that many eaily carcinomata are 
discovered by the members of the gastro-enterologic and proctologic depart- 
ments of the clinic while making routine examinations, (2) by the fact that 
many of the patients upon whom we operate are sent to us for operations 
because of our interest m this subject and so are within the operable stage, 
and finally (3) by the fact that with widening experiences with the operation 
many carcinomata of the colon and rectum are 1 emoved even when moderate- 
sized metastatic nodules are piesent m the liver The position that the ladical 
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lemoval of the giowth eithei in the colon or lectum should be undei taken, 
even in the piesence of small metastases in the livei, has been quite univei sally 
accepted by all who aie dealing with these cases m any considerable number 
It is now quite geneially accepted that the death fiom distant metastases is 
not onl}' delayed by the lemoval of the local growth, but is much less dis- 
tiessmg than that associated with the local extension of the giowth left in 
place 

Fiom the point of view of the peicentage of cases m which vaiious types 
of oiieiations aie peifoimed, it will be of inteiest to state that 20 pei cent are 
peifoimed by the one-stage abdominosacial pioceduie, 65 per cent by the two- 
stage abdominosacial pioceduie which has been desciibed, ii pei cent with 
the loop colostomy and a posteiioi lesection, and 4 pei cent by means of the 
antenoi lesection 






I Shorl sigmoid and 
’ compromise Mikulicz^ 
wifh mobilized 
descending colon 


Tig 3 — Shows (a) the usual method of appro\innting: the sigmoid loops in the typical Mikulicz 
procedure This t>pe of piocedure is applicable ivhcii the lesion is sufficiently high in the sigmoid so that 
after its reiiioial there is adequate length in the lowei loop (b) Shows the modification of the above 
tjpical plan when the lower loop of sigmoid is so shoit that it can hardly be bi ought up over Poupart s 
ligament 

Note that the splenic flexure has been mobilized and the upper loop of descending colon earned 
down into the pehis and tacked onto the lower loop of sigmoid as it ascends straight out of the pelvis 
Note the shaip angle made in the mobilized descending colon wheie it is tacked to the lowei sigmoid 
loop Because of the danger of distention producing obstiuctioii or teaiing out of the appioximatioii 
sutui es liei e, note the addition of an ileostoni> or cecostoiny 


As the lesult of this expeiience, ceitam deductions have also been diawn 
1 elating to technical pioceduies All colon lesections m the clinic aie per- 
foimed with the modified Mikulicz plan of pioceduie No lesections with 
pnmaiy anastomosis aie now being, 01 have foi seveial years, been undei - 
taken It is unnecessaiy to mention the modification of the Mikulicz pioce- 
duie with staggenng of the iDioximal ileum which I have previously de- 
sciibed, and it IS also unnecessaiy to desenbe the type of two-stage abdo- 
minosacial lemoval of cancer of the lectum which I have also lepoited It 
will he of interest, howevei, to mention a few of the technical procedures 
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which we have developed as a lesult of this expeiience, to meet ceitain con- 
ditions which aiise in connection with the radical lemoval of caicinonia of 
the colon and lectiim 

Figuie 3 shows a method of lestoiing the fecal stream by the modified 
Mikulicz plan of piocedure when the caicinoma of the colon is too high for 
an abdommosaci al i emoval of the i ectiim luit too low for the typical Mikulicz 
type of pioceduie As will be seen in the illustiation, if the loop of sig- 
moid IS sufificient m length to be bi ought stiaight up from the pelvis to the 
level of the skin, a long loop of descending colon may be olitamed by mobilizing 

the splenic flexuie, so that the lowei 
end of the descending colon can be 
placed m the pelvis beside the pelvic 
loop of sigmoid These two loops ai e 
tacked togetliei as shown in Figuie 2 ,^, 
so that when the spin between them is 
crushed latei theie will be a diiect 
descent of feces into the lectuin 
These pioceduies have now been em- 
ployed m the clinic foi a numbei of 
yeais and have saved seveial patients 
from being otheiwise foiced to have 
a peimanent colostomy One should 
not fail to lealize, as we have had 
sadly impiessed upon us by such an 
expeiience, that when the loop of 
colon IS so angulated in the pelvis, as 
IS shown in Figuie 3&, that it can be 
placed beside the stiaight loop of 
distal sigmoid, theie will be an angu- 
lation at the lowest point of the piox- 
imal colon Should distention occur, 
not only will obstruction lesiilt at 
this point but theie will be marked 
traction upon the stitches which at- 
tach this poition of the colon to the 
distal colon Failuie to appieciate 
this fact undoubtedl}^ caused us one 
fatality One should not fail in such 
cases to establish a cecostomy or ile- 
ostomy, thus taking the distention 
and traction off the angulated colon and its appi oximation suture line When 
the septum between the two segments of colon has been ciushed and the fecal 
stream established, the ileostomy oi cecostomy may then be closed 

Figure 5 shows a method of delayed restoiation of the fecal stieam when 
anterior resection is employed for a caicinoma of the sigmoid too high for 
abdommosaci al i emoval and too low foi the employment of the modified 
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Fig 4 — Shovis the propei ^nd improper 
method of removing the mesenter> in resections of 
malignancies in the splenic flexure Note in the 
improper pi in, the mesentery has been taken off 
close to the root of the jejunum At this lei el the 
mesentery is delicate and tears easilj when sutures 
are introduced When the dissection is carried out 
this close to the jejunum the defect in the mesentery 
cannot be safely approximated Until we learned 
to leave this apron of mesentery about the jejunal 
angle we had difficulty with sutures here and lost 
patients, loops of small intestines strangulating in 
defects here due to the sutures in the mesentery 
pulling out as a result of vomiting When an 
apron of mesentery remains the danger of ruptur 
ing the mesentery at this point with an angulated 
loop of small intestine through this defect does not 
occur 
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Mikulicz type of lesection In thiee cases we have cut off the sigmoid just 
above the leflection of the pelvic peiitoneuin. turned the ends in caiefully 
with bulled sutuies, diopped this end into the pelvis and lesected that por- 
tion of the sigmoid above this, containing the malignancy, and established a 
colostomy in the left side At the end of thiee to five years if no lecuirence 
has taken place, the plan shown in Figuie 5c is employed to lestore the fecal 
stieam A pielimmaiy Mikulicz type of ileostomy is first peifoimed, pulling 
out two loops of ileum close to the ileocecal valve, attaching them together 
aftei the Mikulicz pimciple The ileum, at the end of thiee 01 foui days, is 
then opened and the entiie fecal stieam thus side-tiacked Iiiigation through 
the distal ileum is then earned on, until all of the colon is entiiely defunc- 
tionalized When the colon has been thoioughly cleansed and when it con- 
tains no feces, the colostomy shown in Figuie 5Z? is then dissected fiee from 
the abdominal AAall thiough a left lectus incision, and the splenic flexure so 
mobilized that the pioximal end of the descending colon can be appioximated 



Fig 5 — Denioiistntes n method of restoiing the fecil stream in low sigmoid malignancies, three 
to fi\e yeais aftei aiiteiior resections A ^Iikulicz tjpe of ileostomy is pei formed close to the ileocecal 
\aKe The feces are entirely sidetracked from the colon beyond this point and defimctionalized by irriga 
tion The small lemaining segment of lectnin, after the anterioi lesection (b) is cleansed by enemata, 
and nhen the colon distal to the ileostomy is clean, the colostomy is excised, the splenic flexure mobilized 
ind the proximal end of descending colon approximated to the stump of the lectum intrapeiitoneally 
The upper closed end of lectum is cut across and an accuiate end to end anastomosis performed 

to the stump of lectum which has been left m the pelvis The uppei closed 
end of the lectum is then cut acioss and a diiect end-to-end anastomosis, 
Avith caieful mucosal and musculaiis sutuies, can be peifoimed safely on a 
boAvel which does not contain feces and thiough which no feces will be per- 
mitted to pass until sound union between the two ends has taken place 
At the end of two weeks, when sound union has taken place, the spui 111 
the Mikulicz ileostomy is then ciushed and the fecal stream thus 1 eestablished 
thiough the large boAvel As soon as good bowel function is demonstrated 
by the passage of feces and by means of a 1 oentgenogram aftei a barium 
enema (Fig 6), the Mikulicz ileostomy is then closed extraperitoneally 
This proceduie is useful, in that one can peifoim a radical operation upon 
these patients, can give them from thiee to five yeais in wdiich to demon- 
stiate Avhethei 01 not lecuiience is to take place, and at the time ivlien the 
abdomen is opened for the reestablishment of the fecal stream it can be 
demonstiated whethei or not recuiieiices aie piesent This, it has seemed to 
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us, IS a useful and justifiable proceduie in ceitain cases foi delayed lestoia- 
tion of the fecal stieain It has also seemed to us a much simplei and effective 
defunctionalizmg pioceduie than that pioposed by Devine 

A small hut useful technical piocedure in patients with the colostomies 
associated with ahdommosaci al lemoval of the lectuin and also those asso- 
ciated with the Mikulicz piocedure is shown in Figure 7 While one can, 
with leasonahle safety, icmove the closuie clamps on colostomies at the end 



I' IG 6 — Roentgenogram follow ing a barium enema showing the 
lestoration of the fecal stream X — site of anastomosis 


of 12 to 24 houis, it is desiiable, when feasible, to give these wounds about 
colostomies as much time as possible m which to seal themselves off Not 
infiequently the chief cause of complaint m patients with colostomies having 
clamps still on the implanted ends of then colons is the accumulation of gas, 
and in such patients, the introduction of a cathetei into the ballooned colos- 
tomy by means of the purse sti ing suture has pi oven useful and has pei initted 
delay in the removal of the clamp (Fig 7) 

Perhaps theie is nothing which has done inoie to hold back progiess in 
operations upon patients, particularly with caicinoina of the rectum, than 
the question of peimanent colostomy It is unfortunate that the colostomy 
with which most patients, and most family physicians, aie familiai is the 
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colostomy foi mopciable caicinoma It is unfoitunate that lioth patients and 
family physicians aie not moie famihai with the infinitely moie satisfactoiy 
colostomies which aie established when the lesion is lemovable and has been 
taken out by a ladical pioceduie No one can compaie a situation of a 
colostomy in a patient with an inopeiable lesion with the colostomy in a 
patient whose lesion has been lemoved In the colostomies foi inopeiable 
Cciicmoma it is impossible to adequately contiol the bowel function Many 
of the s3anptoms of which the patient with noniemovable caicinoma com- 
plains aie not associated at all with the colostomies but lathei with the m- 
opeiable lesion It is because of these 
facts that many of the picjudices against 
peimanent colostoiu}' exist 

Theie aie ceitain points conceinmg ^ \ 

colostomies \ihich have been established j <1 v \ 

m instances with lemovable malignant / 

lesions of the colon and lectum which j§\\ , “■-‘iPv ' ! 

need stating | 'T- '' 

Fust, theie aie no tuck colostomies \ j ^ 

wheieby one can offei a patient anything \ I , 

m the way of bowel contiol Contiol of ’ y ~ k, 

bowel function is entiiely i elated to the ’ \ \ 

ability of the patient to leain how to - \H/ n 

constipate himself by a piopei diet If . 'I 

one pei foi ms a colostomy and dischai ges ' | 

the patient without keeping him midei ...noC.g 

supei Vision, piefeiably by peisonal con- ■» yathetei m the gis filled coiostomj with t 

A ’A j j I letuning’ danip still in piace By this pio 

tact, until he has learned to manage his cedure gns distention cm he o^elcome md the 
colostomy, one can be certain that that 

patient, m most instances, aviII have a colostomy which mil be unsatisfactoiy 
One must lealize that a peiiod of four to six months must elapse befoie a 
colostomy functions most satisfacloiily, and befoie the patient leains to so 
manage his diet and his colonic niigations that he contiols his bowel function 
satisfactoi ily 

I have often said that theie is no place cvheie the value of contmumg 
mteiest and advice is bettei evidenced m a successful outtome than m the 


immediate six-month peiiod following the establishment of a colostomy Not 
only IS It essential that these patients with colostomies have someone to whom 
to tuin foi advice dm mg the fiist six months after their colostomy is es- 
tablished, but they must also be taught to bung their colostomy pioblems 
immediately to then advisei’s attention as soon as they aiise Unless this is 
possible they soon become discouraged and unhappy These patients soon 
learn to modify then diet so that the boAvei function can be adequately con- 
ti oiled and, Avith time, even to take ceitain libeities Avith then constipating 
diet 


Thei e will be occasional colostomies m which m spite of the establishment 
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of a good level of mucosa well above the level of the skm there will, at the 
end of some yeais, he a stiictuimg m the skm about the colostomy opening 
In such cases patients will fiequently complain that they can mtioduce then 
11 ligating enema hut that its letuin is accomplished with great difhciilty 
In many of these patients if the examining fingei he introduced into the stoma 
It will be found of such small caliber that the tip of the little fingei will he 
haiely admitted In cases of this chaiactei a plastic skm and fascial opera- 
tion by means of which a section of skm and fascia is lemoved about the colos- 
tomy opening, thus making a wide opening to the colostomy, will usually 
oveicome this difficulty entiiely It is of inteiest to lepoit, m view of the 
ahhoirence wnth wdiich colostomy is view^ed by many patients and by many 
doctois, that of all the colostomies which we now have functioning aftei radi- 
cal lemoval of the lesions, 75 pei cent of the patients weai no hags wdiatever, 
employing only a piece of gauze ovei then colostomy, so confident aie they 
of the contiol of then bowel function by constipating dietaiy legimens 

One should nevei discuss this subject, I believe, without mentioning moi- 
tahty When the opei ability, thiee years ago, w'as 69 pei cent, oui moi- 
tality w'as 13 pei cent With the opei ability nowq duiing the past year, at 
88 pel cent, the moitahty has fallen to 10 pci cent Mortality lates must 
always he kept w^ithin leasonahle limits, hut when one undei takes ladical 
lemoval 111 hoi dei line cases to offei patients the chance of the lemoval of the 
local growth, piide in opei ability lates should not he peimitted to mteifeie 
with the piospect of possible lelief wntli such hazaidous pioceduies 

Just as moitahty lates should always be lepoited, so w^e believe should 
end-1 esults These may he stated simply, as they have been lepeatedly pub- 
lished fiom this clinic 47 pei cent of the patients w'lth caicmoma of the 
colon Avho have had ladical opeiation aie alive and w^ell ovei five years, 
•without lecuiience, and 42 pei cent of the patients with carcinoma of the 
lectum who have had ladical opeiation aie alive and w^ell over five yeais, 
without lecuiience 


CONCLUSION 

The lelationship of polypi and adenomata to caicmoma of the lectum and 
colon IS discussed 

The oppoitumty to attack the pioblem of caicmoma of the lectum and 
colon by the eaily discoveiy of the piemalignant lesion and its lemoval by 
fulguiation thiough the pioctoscope 01 by colotomy is stiessed 

The need foi moie loutine pioctologic and sigmoidoscopic examinations 
IS evidenced by the number of polypi and adenomata wdiich we have found 
and lemoved m the course of these routine examinations 

In 100 cases of caicmoma of the light colon, 100 cases of caicmoma of the 
left colon and 100 cases of caicmoma of the lectum, alteration in bowel 
function was noted m the histoiy m 97 5 pei cent of the cases 

The opei ability in the cases has iisen m the last yeai to 88 pei cent 
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A few technical measuies developed duimg the couise of this experience 
aie piesented 

The public (medical and lay) needs to be made avaie that life AMth a 
colostomy in a patient ciiied of cancel is a much moie satisfactory one than 
IS hte with a palliative colostom} foi inoperable caicinoma This is a most 
important and geneially umeahzed truth Failuie to realize the change 
that has taken place in the sequelae follow ing colostomy is still holding people 
back fiom being cured of caicinoma of the lectum and colon 

The moitahty is stated — lo pei cent' The peicentage of nonrecurrence 
at the end of five yeai s is 47 pei cent in patients w ith cai cinoma of the colon 
and 42 per cent in patients with caicinoma of the lectum 

Discussion — Dr Har\cy B Stone (Baltimore, hid) Doctoi Lahey 
said that the eailiei the discoveiy and the smallei the lectal polyp, the moie 
ladical should be the tieatment, because thereby the patient had a better 
chance foi permanent cuie The specific pioblem on wdiich I should like 
him to comment is wdiethei. m the case of a small, appaientl} benign polyp 
lying in the lectum, he w'ould follow' so ladical a procedure I have not felt 
It w'as good judgment to subject such a patient to an extiemely ladical opera- 
tion I would like him to mteipiet just wdiat he means by a ladical attack on 
such lesions 

One moie w'oid — much as I respect his judgment and ojMnion, and bow 
to his wnde expeiience, I cannot agiee that the pimciple of a piehminary 
colostomy should be invaiiably and wnthout exception applied to all diseases 
of the large bow'el Cases 111 wdiich there is no obstruction can be safely 
handled m geneial by dnect attack, and m many such cases a lesection can be 
accomplished successfully I question whethei one should adopt an invariable 
pi inciple of making a tw 0- 01 thi ee-stage pi ocedure as a rule, wdien there are 
a numbei of cases wdiich expeiience has showm may be safely handled by 
dnect lesection at the first session 

Dr Fred W Rankin (Lexington, Ky ) I, of couise, subscribe heartily 
to the thesis that the development of malignancy upon a benign polyp is a 
w'ell established pimciple A numbei of years ago FitzGibbon and I fol- 
low'ed 13 cases of cancer of the colon and lectum through the various stages 
fioni benignancy to malignancy, confix ming the work of Westheus and 
others, and establishing to 0111 own satisfaction the proof that such a process 
takes place m a high peicentage of cancers of the lower gastro-intestinal 
tiact Another impoitant point, I think, in the support of this thesis, is the 
high number of cancels occuinng in the sigmoid and lectum m the exact 
region wdiere polypi are most frequently found 

In discussing types of opeiations and the applicability of ladical suigery 
to low glade malignancy, I probably misunderstood Doctor Lahey m feeling 
that he said radical suigery should be applied to precancei ous lesions I 
should like to ask him, how'ever, if he has changed his attitude tow'ard the 
desii ability of the one-stage opeiation If I heard him correctly, his figures 
showed that only 20 per cent of the cancers of the lectum w'ere operated 
upon by the one-stage procedure, w'hile the tw'o-stage opeiation was employed 
in the vast majoiity of cases In 1929, I devised a tw'o-stage radical opera- 
tion for cancer of the lectum modifying Miles’ procedure In this operation 
a colostomy w'as made in the groin, the low'er end of the bow'el turned m and 
dropped back into the abdomen One yeai latei, Doctor Lahey modified 

11 



FRANK H LAHEY 


Annals of Surgcrv 
J u 1 j 19 3 9 


this piocedure, bunging out the lo^^el end of the bouel abo^e the pubis 
and using it to iingate tin ough-and-through I have not emplo3ed his pio- 
ceduie because I ha\e hesitated to dnide an obsti noted bowel, and if the 
bo^^el IS not obstiucted inoie than inodeiatel) its decompi ession can be 
accomplished equall} as satistactorily b} iriigations per lectum 

HaMiig peifoimed 1113 onn operation m a large number of cases nith a 
satisfactor3 moitaht3. I tinned foin 3 ears ago to the Miles operation to 
leplace it, and since then I haAe peifoimed 87 one-stage Miles operations six 
of m3 own opeiations, and 25 posteiioi resections and colostom3'^ b3’’ Mum- 
mei3 s method In this group of IVIiles opeiations the mortaht3>- has been 6 5 
pel cent and I am confident that theie is small utiht3 foi the two-stage pro- 
cedure 111 the last majorit3’' of instances \\ ith adequate bowel decompres- 
sion and lehabihtation I beheie the one-stage opeiation can be accomplished 
with a mortaht3 about equal to the two-stage ladical piocedure, and cer- 
tainl3 it IS a moie desirable opeiation 

1 tiust Doctor Lahe3' will forgne me if I substitute “extenoiization” foi 
the teim “Alikuhcz operation’ as he uses it Extei lonzation was hist done 
bv Bloch, of Copenhagen, m 1892, and latei in the same 3 ear b3" Paul of 
Lneipool The latter resected the bowel and put a tube in tbe proximal loop 
tor diamage iXIikulicz, m 1900, leported a laige number of cases success- 
tull3 operated upon b3 this method but gaie full credit to these men for the 
establishment of the pimciple which reduced the colon mortality fiom around 
40 pel cent to 20 pei cent, and has m consequence had the operation called 
attei him heie in Ameiica 01113 I ceitainD think it should be called an 
extenoiization 01 the Bloch-Paul-i\Iikulicz opeiation if 3011 will It is a use- 
ful pioceduie but 01113 foi ier3’- definite indications 

It seems obiious that the iiici easiiig^”^ satisfactor3’' results following sur- 
§er3 foi cancel of the large bowel and rectum such as Doctor Lahe3'^ repoits 
depend upon a number of factois not the least niipoitant of which are ade- 
quate piehiiiniai3 piepaiaton' treatment, and utilization of multiple pio- 
cedui es either 111 one or 11101 e stages 

Dr Fraxk H L-\he\ (Boston iVIass , 111 closing) In answ ei to Doctors 
Rankin and Stone I am sure it is 1113' fault that I did not make our position 
clearei I did not mean to niiph that we evei perfoini a radical opeiation foi 
a benign lesion We ha\e perfoinied local opeiations with niahgnancies 111 
the tip of the poh p not iiivoh mg the base and the3 have not leciined With 
a flank carcinoma ln^ohlng the mucosa and spreading to the base even it 
onh the size of the little finger nail, we do radical operations That is the 
point where the famil3 ph3sician and the patient plead for local opeiation, 
with which we haA^e seen leciiuences in six months to eA ervbod3'^’s regiet 
Xeithei did I aaisIi to impl3" that ever3one should emplo3* the Mikulicz pio- 
cedure The 01 iginal pi ocedin e aa as nothing like the one to-da3 It aa as justl3 
ciiticized in its original form because of the local implantation of caicinoina 
m the A\ oiind aa ith this plan of operating With the Alikiilicz operation Avhich 
A\e and others haA'e modified this objection is oA'^eicome and just as radical 
lemoAals 11133" be accomplished as with 3113' othei opeiation Theiefoie, I see 
no 1 eason aa Iia’ 3113 one aa ho likes it should not emplo3 it Its eniplo3 iiieiit is 
a matter of personal selection 

As to Doctoi Rankins question ate aao nioditbing our opeiatiA^e pro- 
cedures’ Yes We aie doing 11101 e and 11101 e one-stage operations Just as 
he began A\itb the tAAO-stage pioceduie, so should aac all and as aac become 
11101 e familiar AAitli the technic aac will become more aaiIIiiis: to undeitake a one- 
stage piocedure But if we had begun A\ith a one-stage, 0111 niortaht3 would 
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have been unduly high W e have been slow in inci easing oui one-stage pi o- 
cecluies, because we have had such good lesults in advanced cases, advanced 
ages and pooi risks with the two-stage pioceduie, and because we have had 
such a high opei ability and leasonable moitahty 

We have just been in a piedicament with caicinoma high in the jejunum 
and what we did may piove useful to otheis The caicinoma was close to 
the ligament of Tieitz, and aftei an adequate lesection of the jejunum theie 
was not enough jejunal stump left to do a safe end-to-end anastomosis Had 
it been brought down sufficiently to do an end-to-end anastomosis, it would 
have leti acted beneath the mesenteiic vessels and caused obstiuction We 
weie faced vith a difficult situation which was oveicome in the following 
vay We cut the ligament of Tieit/, took out the segment containing the 
tumoi and tuined in the ends We then went over to the ascending colon, 
turned ovei the hepatic flevuie, appioached the letropentoneal duodenum 
and found it could be mobilized We then pushed the end of jejunum be- 
neath the mesenteiic vessels, with the lesiilt that we had a well mobilized 
1 eti opei itoneal duodenum with the mesenteiy of sufficient length to permit it 
to leach ovei in fiont of the tiansveise colon The apion of omentum was 
then divided up to the tiansveise colon, the lowei segment of jejunum 
bi ought up in fiont of the tiansveise colon as was the uppei segment of duo- 
denum, and a lateial antecohc anastomosis established between them 
I have been faced with this difficulty m cases of gastiojejunal ulcei 
When theie is a shoit jejunal stump it is often difficult to make a satisfactoiy 
end-to-end anastomosis I am suie that mobilizing the i eti opei itoneal duo- 
denum will give a veiy satisfactoiy lateral antecohc anastomosis or end-to- 
end anastomosis ^^hlch will function well and much bettei than a difficult 
end-to-end anastomosis high up in the jejunal fossa 
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TECHNIC AND DEMONSTRABLE ADVANTAGES OF THE 

DEVINE COLOSTOMY^ 
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I APOLOGIZE to those members of the Society whose wide experience m 
suigery of the colon wai rants then designation as masteis m this field 
Doubtless they aie aheady famihai, and have had far more experience, with 
the Devine colostomy than I The decision to piesent oui limited expeiience 
at this meeting was activated by two reasons fiist, conversations with col- 
leagues 111 the West revealed that man)' of them eithei missed Devine’s com- 
munications m the hteiatuie oi were not favorably impiessed uith his 
contribution Possibly the nonavailability of the special enterotome essential 
to the propel execution of one of the steps has militated against moie general 
adoption of the method Second, we aie thoioughly convinced that the Devine 
colostomy is a distinct impiovement ovci the usual spin type, and confers so 
many benefits not only upon the patient but also upon the general surgeon 
that he cannot afford to oveilook it 

During the past 30 yeais, I have, as a geneial suigeon, many times lun 
the gamut fiom enthusiastic enteipiise to dull despaii as legaids lesection 
of the distal colon for malignant neoplasms, finally becoming resigned to the 
attitude of accepting such cases as a duty, but doing so without that con- 
comitant sense of probable victoiy which is such a sustaining powei in all 
suigical endeavor 

Oui lecent experience with the Devine proceduic has lenewed oui mteiesi 
in this field We are convinced that faithful adheience to Devine’s admoni- 
tion not to lesect the diseased bouel unless, and until, the distal colon is 
completely defunctioned and thoroughly decontaminated will lemain an en- 
during caidinal pimciple 111 this field While the goal attained by Devine of 
1 educing the moitahty rate of his colon suigeiy to one which beais comparison 
with the mortality late of his othei opeiations in the abdomen must lemain 
a utopian dream for the geneial suigeon, theie lemains ample oppoitunity 
for him to contiibute gieatly in 1 educing the deploiably high general mortality 
late 

While the outstanding lesults of recent yeais achieved by Rankin, Lahey, 
Dixon, and then confieies in this field aie notable for a decided loweiing 
of peisonal mortality lates we must frankly face the fact that the huge 
majority of these patients aie caied foi by the geneial surgeon 

Any method which cmII insuie a lowei general mortality late must be per se 
of such a natuie that it is geneially applicable a nd not diiectly dependent 

'■ Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 6, 7, 8, 1938 
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upon the acquisition by the geneial surgeon of such excelling skill and technic 
as to appioach the perfection of the masteis 

The slowly impiovmg geneial lesults achieved in the past 25 yeais must 
be Cl edited to the acceptance by the geneial suigeon of the multiple-stage 
pioceduie Wheie the element of obstmction is piesent, the establishment of 
a decompi essing colostomy is a sine qua non of success in the lesection stage 
No doubt these aie elemental y obseivations Everyone knows how to 
make a colostomy, but only aftei expeiience with the Devine colostomy can 
one piopeily estimate the dements of the usual spin colostomy 

As the technic and demonstiable advantages of the Devine colostomy can 
be fai bettei poitiayed m pictuies than by woids, I shall lesoit to the film 

TECHNIC or THE DEVINE COLOSTOMY TO “dEPUNCTION” THE COLON 

A veitical incision two and one-half inches long is made m uppei light 
1 ectus 



Fig 5 — When m acutelj emergent obstructive condition is piesent de 
compression of pioximsl loop is secured b> passing i large catheter into the 
proximal meatus and threading a rtibhei sponge pad o\ei it 

The glove on the left hand is vaseljned to facilitate the abdominal suivey 
The tiansveise colon is withdiawn and suspended by a iiibbei tube (Fig i ) 
The adjacent “white lines” aie tacked togethei foi fully five inches 
(Fig I) 

The peiitoneum is tacked to the bowel at the uppei level of above row 
Knife punctuies are made (skin and fat — not thiough muscles) one inch 
from the skin edges at midwound 

Clamps thiough punctuies giasp the tip of the bowel loop (Fig 2) 

The loop IS divided and steiilized with the diatheimy knife (Fig 2) 

The bowel clamps are withdiawn and placed on the abdominal wall (Figs 
3 and 4) 

The wound is thoioughly scitibbed with soap and watei 

The incision is closed, fii st the 1 ectus muscle and sheath above and below 
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the colon and then the skin, and the pioximal meatus is then tacked to the 
skin 


A thick benzoin pi otective di essing is placed ovei the incision, leaving both 
ineati exposed 

If the obstiiiction is eineigent, as shown roentgenologically, the pioximal 
clamp IS lemoved and the pioximal loop of the bowel decompiessed at once 
If the tiansveise coloii is gieatl}' distended, Devine advises perfoimmg a 
simple cecostomy and a few da3'’s latei peifoimmg the colostomy 


In the avei age case, the proxi- 
mal clamp is lemoved after 48 
houis and a suitable tube mtio- 
duced thiough a soft rubbei 
sponge pad (Fig 5) 

The pioximal bowel is flushed 
out thoioughly each moining 
The tubes aie coiked between 
w^ashings (Figs 6 and 7) 

Patients aie encouiaged to be 
up and walk aiound at the end 
of a w'eek 

The distal clamp is lemoved 
111 thiee days and iiiigation 
started Instillation of petiolagar 
helps to soften and lemove fecal 
lumps We have also found that 
a continuous tap w’'atei diip into 
the distal loop duiing the night 
helps in breaking doivii haul 
fecal accumulations 

Male patients nrigate them- 
selves m the toilet for a half houi , 
twice daily Women piefei the 
assistance of a muse who inserts a 



Fig 6 — A simple method of flushing out the proximal 
loop every morning 


small anoscope which empties into a bedpan Elevating bed facilitates flow 
A shitmken, defunctioned bowel facilitates mobilization and lesection 
amazingly In two instances the pieliminaiy survey noted that on account of 
the extensive giowth and its “fiozen” condition, it was questionable whethei 
a resection could be accomplished latei In the most dubious case, an addi- 
tional (thud) week of colon flushing was instituted The night befoie the day 
set foi lesection, the patient developed an acute intestinal obstiuction wuth 
fecal vomiting Opeiation levealed that the obstruction was due to an old 
appendiceal adhesion band 111 the light lowei quadiant It w^as noted on the 
lecoid that the extensive, immovable “frozen mass,” noted in the original 
suivey, had been 1 educed full} 50 pei cent and the sigmoid was somewdiat 


17 



REGINALD H JACKSON 


\rniIsofSiirB''ry 
T 11 1 y , 10 3 0 



Tie 7 — Doulile bni reled colostomy Distol colon completely de 
functioned flushed out twice doily ProMinol loop flushed once doily 
Tube clomped off between flushings to preyent dehydrotion 

Insert Spcciol Detine instrument to be applied to restoie con 
tiniiity of colon after resection stoge 



Tig 8 — Crude homemode De\ine special instruments A 
Enlerotome to crush partition ond restoie colonic current after 
lesection stoge B Occlusion clomp used in lesection stoge To 
be placed on proximal end of distal sigmoidal segment * 

* These instruments ore nowr mode by the V hlueller Com 
pony, Chicago, 111 
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movable Twelve da3^s latei, the lesection pioved to be veiy feasible Since 
this expel leiice we vait a month befoie peifoiming the lesection, believing 
that the gam thus seem ed outweighs any conceivable extension of the neoplastic 
giowth Itself Patients with a continent pioximal meatus are peifectly willing 
to wait, as they aie up and aiound 

The left uietei and aiteiies aie identified with the Cameion light We 
always ha\^e a left uieteial cathelei in sifii 

The Devine special intestinal occlusion clamp we have found most satis- 
factoiy This and the Devine enteiotome aie ciude, homemade ones, as theie 
weie no special Devine mstiuments on the Ameiican market (Fig 8) 

A low anastomosis is made, 
extiapentoneahzed with flaps, 
and a diain placed We be- 
lieve, with Devine, that the 
suigeon will be encouiaged 
with this method to attempt a 
lowei anastomosis and thus 
save the sphmctei, instead of 
pel foi mmg a pei manent colos- 
tomy and a Kraske You will 
note the ideally clean aspect of 
the opened specimens (Fig 
12 ) 

One IS apt to make the 
small incisions for the nieati 
too laige at fiist, but we have 
found that injecting quinine 
and uiea shimks the pouting 
mucous membrane aiound the 
tube III the pioximal meatus 
Ten days, oi moie, after 
the resection, the Devine eii- 
teiotome is applied (Fig 9) 
and tightened each day, usu- 
ally it works loose on 01 aftei the fouith day Exceptionally a week is lequired 
Befoie tightening, a 1 oentgenogi am verifies the position of the blades (Fig 
10) As the “fully five inches" of sutuiing the white lines togethei may 
easily be followed by a shi inking to less than three, we weie feaiful that the 
blades of the enterotome might extend too fai and possibly penetrate into 
the fiee peiitoneal cavity We thought it best, in the case illustiated, to diaw 
the clamp well up bef 01 e sci ewing home the nut 

The final step, which is undei taken aftei the clamp has worked loose, and 
the satisfactoiy condition of the new channel ascei tamed by passing a finger 
through the pioximal meatus into and thiough the opening into the distal loop, 
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-Application of Devine enterotome Well 
viselmed blades introduced sepaiatelj, then joined and 
sciew damp tightened each daj Usually works loose in 
foui to fi\e dajs 
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IS a very simple one Under local anesthesia, the edges of the ineati aie 
mobilized, lemoving any indiiiated skin and mucous membiane inveiting the 
mucosal layei and closing the skin except for an lodofoim wick 

End-Result — Note lestoied continuity of colon (Fig ii) Devine states 
that he usually begins injecting fluid into the lower bowel pei rectum a few 



Fig 10 — As a safetj check, we introdiicc 
some barium in each meatus and before screwuif, 
the blades tight bare a film made If blades seem 
to project too far (possiblj beyond the tacked to 
getiier area), it is corrected b^ drawing up instrii 
ments snugly before closing it 


days aftei the resection, and expects 
that if any fluid appeals in the resec- 
tion wound, a fecal fistula will result 
This happened in about 25 per cent of 
his cases 

In one of oui cases, such a seiious 
infection occuiied in the lesection 
wound that we felt sure the anastomo- 
sis would be utteily destroyed We 
lefrained fiom applying the enteio- 
tome foi SIX weeks, until the wound 
had healed thoioughly and was com- 
pletely epitheliahzed When the con- 
tinuity of the bowel was lestored, tbe 
anastomosis woiked perfectly We 
believe, theiefoie, that it is wise not 
to test it soon after the lesection but 
to delay it, especially if there is any 
infection m the lesection wound 

Figure 13 shows a wound healed 
pel pi imam, and the Devine enteio- 
tome was used on the tenth post- 
opeiative day Figure 14 shows the 


wound of a patient which became infected, as evidenced by the extensive seal 


formation, but who had an excellent end-iesult 


What, then aie some of the advantages of the Devine colostomy^ They 


may be briefly enumei ated undei two headings 


I Benefits Confened Upon the Patient 

Impiovement in the patient’s geneial condition befoie resection is fai moie 
pi onounced because 

( 1 ) Fluid equilibrium is better maintained Control over the pi oxiinal 
meatus obviates the dehydiation effect often associated with the 
spui type 

(2) Morale is maintained at a much highei level in the absence of the 
more 01 less constant or unexpected escape of noisome gas and 
messy stool 

(3) At the end of a week, they may be up and aiound, chessed and 
visiting friends and other patients without embarrassment 
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Tio II — Roentgenogram after barium enema in case shown 
in Fig 13 in wliicli an infected wound delayed restoration of 
colonic flow si'^ weeks Arrow points to gap in mucosa where a 
fecal fistula would have occuiied Two months later, this gap had 
closed up 



Fig 12 — Resected bowel, opened immediatelj after remo\al, shows clean, soft condition 

of bowel wall 
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(4) Intelligent patients may go home at the end of ten days and return 
for the resection stage aftei two weeks’ colon washing at home 

(5) Another economic benefit lesults in that they may occupy a bed m 
a waid instead of being lelegated to a piivate room 

(6) A patient thus prcpaied piesents an amazing contrast 111 optimism, 
confidence, and constitutional foi titude as compared with one pre- 
paied by a spin colostomy with its attendant mental and physical 
depi ession 



Fig 13 — When the resection wound Ins 
heuled without infection the restontion of the 
colonic current is nnde with the De\ine entero 
tome a week or lo days later 


Fir 14 — When the resection wound is 
infected and there is a strong likelihood of a 
fecal fistula forming, use of the enterotome 
IS delayed until the wound Ins granulated in 
and IS well epithelnlized In this instance, 
SIX weeks intervened 


(7) It confeis a benefit on lelations and friends in that it greatly 
reduces the hoi 101 of the tieatment 

II Benefits Confeued Upon the Siugeon 

(1) The distal colon, being completely detached and defunctioned, may, 
through repeated washings, be decontaminated moie efficiently than 
in the spill type which, as noted by C H Mayo,“ permits recon- 
tamination by the fecal stieam splashing ovei and entering the dis- 
tal loop 

(2) The position of the colostomy m the uppei light quadrant insures 
a clean lesection field with ability to mobilize the descending colon 
even to the splenic flexuie at the lesection and anastomosis stage 

(3) The completely clean and comparatively steiile condition of the 
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distal bowel eiicouiages the attempt to lesect and anatomose at a 
lowei level and pieseive a continent condition 

Devine, in speaking of such a piepaied bowel, says “I mean 
one which has been allowed to lemain functionless until such time 
as the bacteiial content has been consideiably i educed, on the 
pimciple that if, expei imentally, a segment of bowel be completely 
isolated and thus depiived of its function, in the piocess of time it 
will lose most of its bacteiial content ” 

The victim of a spin colostomy is geneially impoitunate m le- 
spect to time and begins veiy eaily to plead for the next stage 
opeiation The patient with a Devine colostomy, being up and 
aiound, is veiy coopeiative and quite content to wait the essential 
thiee 01 foul weeks 

(4) If the lesection wound develops infection and must be diained, a 
delay befoie appl3'’ing the enteiotome, of such time as it takes foi 
the gianulating wound to heal solidly, does not gieatly discommode 
the patient and gieatly diminishes the chance of fistula foimation 

(5) The final closuie of the colostomy mouths under local anesthesia 
IS a minoi pioceduie compaied with the usual closuie of a spui 
colostomy 

(6) In certain advanced, questionable lesectable cases, it has, m De- 
vine’s expel leiice, piovided a comfoi table piobationaiy peiiod, m 
that aftei the excision the lectal end is dosed and pei itoneahzed, 
the pioxiinal sigmoidal end is implanted in the anterior abdominal 
wall, and the patient caiiies on comfoi tably with his established 
colostomy until the passage of time (six months to a yeai ) reveals 
whethei oi not metastases have developed If not, and if the 
patient’s geneial condition wan ants it, the sigmoidal end may be 
mobilized and telescoped into the i evasculai ized i ectal stump with 
good piospect of success 

While our expeiience with the Devine colostomy has been limited, it has 
been most satisfactoiy 

Summary — The authoi, after biiefly alluding to the general gloomy 
expeiiences of the aveiage general suigeon ovei the past 25 yeais 111 the field 
of colonic suigeiy, acclaims, aftei recent personal expeiience, the many meiits 
of the “defunctioned” colon as devised by Devine, and expresses the belief 
that while the general suigeon cannot expect, thiough the acquisition of the 
skill of the masteis, to parallel then lesults, he will, by the adoption of the 
pioceduie, make a definite contiibution m lowei mg the piesent too high general 
mortality late The technic, which does not lequiie exceptional skill, is de- 
tailed and illustiated with pictuies 

CONCLUSIONS 

The ever piessing pioblem of how to appieciably lower the general moi- 
tality late in opeiations involving the lesection of the distal colon for mahg- 
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naiit neoplasms piesents one hopeful aspect, in that it is moie and inoie 
appaient that theie is a chiect lelationship between the veiy high moitahty 
late of the aveiage geneial suigeon in this field and the lelative peifection oi 
thoioughness of the pieiesection conditioning piocess While the usual type 
of spin colostomy has been of mateiial seivice m the past, the development 
of the continent pioximal colostoni}' meatus by Devine confers so many 
benefits upon both the patient and the suigeon that its general adoj^tion should 
be accompanied by a decided lowering of the high geneial mortality late 
Devine"’ estimates this to be 30 pei cent in Austi aha 
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Discussion — Dr Alton Ociisnlu (New Oilcans, La) One of the 
difficulties that has occuiied to us has been the fact that a ceitain poition of 
the bowel is saciificed in putting on two clamps and putting them thiough the 
lateial incision If one will tuin the loop of bowel thiongh an aic of 90°, the 
loop lies longitudinally and one can place the clamps close togethei A bettei 
method is a tiansverse incision lathei than a longitudinal one, bunging the 
two loops out each end of the incision without contaminating the subcutaneous 
tissue 

The clamp we have used is a modification devised in 0111 clinic, which is 
much simplei than the Devine clamp, it is made of aluminum and is veiy 
light It can be tightened, theie is a guide telling the degiee of sepaiation 
of the clamp We have had 16 patients upon whom we have peifoimed the 
Devine colostomy, seven foi carcinoma and nine foi infection Theie have 
been seven with the fiist stage and nine in which the second stage was com- 
pleted One of the fiist-stage patients died of pneumonia several weeks aftei 
the opeiation 

I want to subsciibe to this opeiation, because “defunctioning” of the 
bowel makes lesection on the left side much safei 

Dr Reginald H Jackson (Madison, Wis , in closing) One of my chief 
leasons foi piesenting this subject was to popiilaiize the Devine type of 
colostomy among the geneial suigeons, many of whom are foiced to peifoim 
an emeigency colostomy foi acute intestinal obstiuction due to a malignant 
lesion in the colon, but do not feel capable of peifoimmg a latei resection, 
lefeiiing such cases to colon lesection specialists 

The Devine colostomy, in its peifoimance, does not lequiie any special 
skill Patients thus treated will come foi lesection not only in fai bettei gen- 
eial condition, but also with the resection aiea in ideal condition through 
“debacteiiahzation” to bettei msuie a successful outcome 
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THE EFFECT OF ACUTE INTESTINAL OBSTRUCTION ON THE 
BLOOD AND PLASMA VOLUMES 

S VMUEL GeNDEL, M D , VND J VCOB FiNE, M D 
Boston, M\ss 

UiOM TIU ht'IUICM lU^il \IiCl! HHOIIVTOIH UI^TII Ibll VtL lIOStITU, WD THE DEP\nTMENT OF StiRGEHTi, H VH\ VJiD 

MLDICO bCIIOOL, UOSTON M VSs, 

I'ROM A GROLp of stuclicb Oil intestinal obstruction alieady completed,^ 2 s 4 
and fioin expeinncnts still 111 piogiess, we have made the following ohseiva- 
tions (1 ) Ligation of the caidia and ileocecal valve (; e , closed-loop ohstiuc- 
lion of the enliie stomach and small intestine) in the cat, the gastio-mtestmal 
tiact of which has been lendeied fiee of food, fluid and gas by a pielimmaiy 
24-houi peiiod of stciivation, does not cause notable distuihances in the 
gastio-mtestinal tiact Death lesults in a few’’ days piimarily because of 
deindiation and stai\ation (2) The intioduction of vaiious types of food 
into such closed loops, depending on the kind of food used, may lesult eithei 
in lapid death fiom the accumulation of gas and fluid undei great tension 01 
slow death with onh model ale 01 insignificant quantities of gas and fluid 
(3) The sui\nal time of cats dying fiom gaseous distention is inversely 
piopoiiional to the mtia-intestinal piessuie (4) The inhalation of 100 
pel cent 0x3 gen will 1 educe the mtia-mtestinal piessuie m gaseous (nitiogen) 
distention to noimal, 01 nearly noimal, and substantially piolong the life 
of the animal (5) Gaseous distention, at 01 above the piessure levels oh- 
sened in ohstiuction m man and animals, does not notably inciease the volume 
of intia-inlestinal fluid, the w'eight of the bowel w^all, or the fluid in the 
pcnloneal cavity a])o^e the noimal (6) Dehydiation alone does not account 
foi the lapid death of such animals (7) Deneivation of the cxtiinsic neive 
supply to the intestine does not influence the suivival time of these animals 
(8) We ha\e fuilhcr ohseived that high giadc intestinal distention increases 
the femoial venous piessuie wnthoul affecting the jugular venous piessuie 
Studies now m piogiess by the plethysmogiaph and by assays of w^ater con- 
tent of muscle tissue of the lowei extiemities suggest that distention may, 
by compi ession of the abdominal vessels, cause a loss of plasma into the tissues 
distal to the site of compi ession 

We piesent in this communication a study of the effects of distention, at 
levels of piessuie ohseived clinically, on the volume of the plasma and on 
the total blood volume in dogs 

Method — The plasma volume of 18 dogs was determined liy the method 
of Gibson and Evans,"’ wdio used a blue dye (T— 1824 01 “Evans Blue”), the 
concenti ation of wdiich 111 the blood w'^as measured by the photo-electric 
mici ocoloi imetei (Gibson and Evelyn®) This dye is nontoxic in the dosage 
used and veiy slowdy diffusible The enoi of other methods, arising from 

Submitted foi publication April 22, 1939 
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variable degiees of mixing of dye with the blood, is eliminated by taking 
multiple blood samples at accurately known intervals By extrapolating the 
disappearance slope of the dye fiom the blood to the time of injection of the 
dye, the plasma volume can be calculated with vaiiations not exceeding 2 per 
cent in duplicate samples Since 30 to 35 cc of blood aie lequired for each 
detei mi nation, this volume was duly consideied in the calculations With the 
plasma volume known, the total blood volume was calculated from the meas- 
ured plasma volume and hematocrit 

The 1101 mal values weie detei mined in all but seveial large dogs a week 
befoie the day of expeiimental obstuiction In these exceptional instances 
this was done on the same day All measuiements were made under intia- 
pei itoneal nembutal anesthesia 

Four gioups of dogs weie studied (Table I) Two dogs comprise the 
fiist 01 control group Nothing was done to them except to keep them under 
mtrapei itoneal nembutal anesthesia and to make plasma volume detei inina- 
tions eveiy 24 houis until they died, one after 60 houis, the othei aftei more 
than 72 hours One of the two dogs (Dog 18), leceived 500 cc of 5 pei cent 
glucose m ph3fsiologic saline each day following the plasma volume determina- 
tion Two dogs compiise the second gioup They were prepared as follows 
Aftei 24 hours, during which time only water was allowed so that the small 
intestine would be empty and collapsed, intiapentoneal nembutal anesthesia 
was administered and an occluding ligatuie placed aiound the pyloius The 
teiminal ileum was divided, the distal end inveited, a cannula was inserted 
into the pioximal end, bi ought out thiongh a stab wound, clamped off, and 
the incision closed Plasma volume detei minations weie made after fotii hours 
and again after 23 hours Death occuired in one after 31 houis, in the othei 
aftei 34 hours 

The third gi oup included 1 1 dogs They were pi epai ed similarly to those 
of Gioup II except that aftei dividing the ileum and closing the distal end 
a cannula was inserted into the pioximal end and connected, aftei being 
brought out thiough a stab wound, to a Peiusse piessure bottle The entiie 
small intestine was then continuously inflated with air at a constant level 
of pressuie Fifteen cm of watei piessuie was used in six dogs, 20 in four 
others, and 30 in one Plasma volume studies weie made aftei foui hours 
in nine dogs, after 13 houis m two and aftei 18 to 23 houis in five The 
average survival time was 20 8 hours 

Thiee dogs treated in exactly the same mannei as those in Gioup III, and 
subjected to pressure of 40, 30, and 20 cm of watei respectively, died aftei 
10, 12 and 18 hours, with an average survival time of 13 houis Their more 
rapid death was due to the unanticipated finding at autopsy of extensive 
venous congestion, mucosal degeneration and extravasation of blood and 
plasma into the intestinal lumen, mesentery and peritoneal cavity Tliey 
are, theiefore, classified as Group IV, i e , as dogs with obstruction, dis- 
tention and sti angulation Then short survival time permitted plasma volume 
determinations only once, after foui to four and one-half hours 
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Fioni this and pieviotis investigations, we learned that the lesistance of 
the dog’s intestine to inci eased piessuie is notoriously pooler than that of 
the cat Sti angulation almost nevei occuis in the cat even at pressuie levels 
of 8o cm ot watei, whereas m five dogs, subjected to 40 cm of watei pressure 
death occuiied so quickly fiom sti angulation and shock that no plasma volume 
deteimmations weie possible 

The distention piessuie levels used m the dogs of Gioups III and IV 
aie leasonably close to those found m vaiious types of obstiuction m man 
and in expeiimental obstiuction (without aitificial distention) 111 dogs”^ 

The dogs weie kept under mtiapeiitoneal nembutal anesthesia until 
death occuiied In pievious studies no substantial difference had been ob- 
seived in the suivival time of two gioups of cats similarly prepaied, one undei 
anesthesia, the othei awake, subjected to the same levels of distention and 
pi essui e 

Results — Table I shows that the average 1101 mal plasma and whole blood 
volumes of the 18 dogs studied weie 5 o and 8 8 pei cent of the body weight 
lespectively and that the aveiage 1101 mal plasma volume was 568 per cent 
of the whole blood volume These lesults aie leasonably close to those of 
Gibson, Keeley, and Pijoan^ and of Gasser, Eilanger, and Meek® The 
foimei, using the method of Gibson and Evans, found that the noimal blood 
volume vaiied between 84 and 97 per cent of the body weight The lattei 
(by a method probably less accurate than that of Gibson and Evans) found 
the aveiage blood volume m a large senes of dogs to be 9 7 per cent of the 
body weight and the plasma volume 60 per cent of the whole blood volume 
Part of the changes 111 plasma volume m these various gioups of dogs aie 
piesumably due to the dehydration and perhaps pooling of capillary filtiate, 
especially in the dependent tissues, owing to muscular inactivity Almost 
none of the dogs in the entire senes dischaiged urine or showed a distended 
bladder at autopsy, so that it is not necessary to attribute any substantial part 
of the plasma volume changes to loss of fluid in the urine 

In contiol Group I, the plasma volume after 24 hours deci eased 224 pei 
cent 111 the dog which received no fluid and 186 per cent m the one which 
did, the average being 20 5 per cent The loss of plasma for the same period 
in the two dogs of Gioup II (obstiuction without distention) was 8 8 and 
20 per cent, respectively, averaging 14 4 per cent In contrast to these figures, 
the aveiage plasma loss in five dogs of Gioup III (obstruction with distention) 
after 18 to 23 houis was 55 o pei cent (Table II and Chait i) 

The significance of these figures becomes impressive when translated into 
teims of the peicentage of body weight which these losses of plasma repiesent , 
VIS , o 85, o 7, and 3 i, 1 espectively, in the thiee groups (Table II and Chait 2) 
Johnson and Blalock^® caused death m dogs when blood plasma equivalent 
to 2 4 per cent of the body weight was lemoved m 0 5 pei cent fi actions eveiy 
SIX hours The conditions pi evading 111 0111 expeiiments are comparable to 
those of Johnson and Blalock, who obtained their lesults by the removal of 
whole blood and the immediate reinjection of the led cells 
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The hemalociit in the dogs of Group III showed a significant increase 
within foul horns of the onset of distention This inciease aveiaged 42 5 pei 
cent after 18 to 23 horns, while the undistended, obstructed dogs (Gioup II) 

Chaut I 

AVERAGE REDUCTION IN PLASMA VOLUME 

Q Reduction in PV of intoct DOG oner 24 hours under nembutol 

Reduction in PV of obstructed DOG ofter 24 hours under nembutol 

^ Reduction in PV of obstructed ond distended DOG olter 24 hours under nembutol 

Reduction in PV of obstructe d on d distended D OG ofter 4 hours under nembutol 

Reduction in PV of obstructed ond distended ondsfronguloted DOG ofter 4 hours under nembutal 



Chart 2 

PLASMA VOLUME IN PER CENT OF BODY WEIGHT 
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normal 

PV of Intact DOG ofle' 24 hcors unoer netnbutoi 

PV of obstructed DOC after 24 hours under nembutol 

PV of obstructed and distended DOG after 24 hours under nembuiot 

PV of obstructed and distended DOG ofter 4 hours under nembufol 

PV of obstrucfed ond disfended ond sfronqutofed DOG ofter 4 hours under nembufol 
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showed a drop of 9 per cent and the intact, anesthetized dogs (Group I) 
an average use of 8 pei cent after the same interval Table II shows the 
relatively small propoition of the aveiage total blood volume loss that can 
be accounted for by the average loss in led cell volume when these losses 
expressed in terms of percentage loss of body weight Foi example, in 
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the obstiucled and distended dogs, aftei iS to 23 houis, the loss in whole 
blood volume is 3 2 pei cent of the body weight Of this amount only 0 5 
pel cent is due to loss of led cells 

Dehydiation cannot be held lesponsible for the greatei loss of plasma 
volume m the Gioup III dogs, since theie was no noticeable loss of fluid 
into the intestinal lumen, bowel wall, 01 peiitoneal cavity in aii}'^ of the fiist 
thiee gioups, while the dehydiation due to lack of fluid intake, water of 
peispiiation, and expiiatoiy an was piesumably the same in all gioups 
Moi cover, although Dogs 10 and ii of Group III received 500 cc of 5 pei 
cent glucose in physiologic saline dm mg the couise of then distention, then 
loss of plasma volume was as gieat aftei the same mteival as in any of those 
in the same gioup which did not receive fluid ' 

It IS consequently obvious that the plasma volume loss is due, at least in 
laige part, to capillaiy leakage of plasma in a mannei siinilai to that occiiiring 
in tiaumatic shock 7 hcicjo)c death jiou\ acute intestinal obsti iiction may 
he pi Opel ly atinbuted to ciucial change'; in plasma volume due to the jactoi 
of distention alone 

In the fouith gioup of thiee expeiiments in which spontaneous venous 
stiangulation occuiied aftei obstuiction and distention, the aveiage plasma 
loss aftei foul and one-half houis was 486 pei cent in coinpaiisoii with an 
aveiage loss, aftei the same interval, of 364 pei cent in nine distended dogs 
of Gioup III wathout stiangulation, and of 5 7 pei cent m two obstructed 
dogs without strangulation 01 distention (Chait i) Piactically all of the 
loss of whole blood can, in these dogs, as m the Gioup III dogs, be accounted 
foi by the loss of plasma This suggests that the more lapid death of the 
stiangulation obsti uction dogs is due entiiel}'^ to the moie lapid loss of plasma 
It IS, theiefore, piobable that the clinical condition of stiangulation obstruction 
(befoie the stage of pentonitis) constitutes a gieatei eineigency than simple 
obstruction, not because of a fundamental diffei ence in the pathologic physiology 
{c g , “toxic proteoses”), but merely because of a quantitative diffeience in 
the late of loss of plasma 

Discussion — The expeiimental contiibutions to the pathologic physiology 
of acute intestinal obstuiction have been significant and useful, but it is all 
too deal m clinical piactice that some vital factoi still awaits claiification 
Confirmation of the intoxication theory seems 1 emote The impoitance of 
noxious neivous stimulation cannot be ignoied,’^ but the available evidence 
legal ding its role is conflicting If the complicating featuies of stiangulation 
and peritonitis aie excluded fiom considei ation, unieheved obstuiction le- 
mams a lethal disease in spite of the effective contiol of electiolytic imbalance 
and dehydiation 

Theie is univeisal agreement that the cential distuibing agent in simple 
acute intestinal obstuiction is the increase in mtia-mtestinal piessure and 
that restoi ation of noimal tension, wbetbei by entei ostomy, intubation and 
suction 01 inhalation of 100 pei cent oxygen, will restoi e the patient to noimal, 
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piovided the clinical condition has not i cached an iiieveisible stage, and 
the deficiency in \\atei and electrolytes is collected 

It IS iinpoitant to note that most of the expei imental analyses of the 
effects of intia-intestinal tension aie based on pressiue levels which aie fai 
in excess of the values obseived in clinical mechanical obstiuction ' Fuithei- 
moie, It IS somewhat smpiising that these investigations have laigely ignoied 
the possible lethal effects of distention per se on the othei organs of the 
peiitoneal cavity, then lymphatics and blood supply, and on the dynamics of 
the genei al cii dilation 

It IS a commonplace expei lence in the clinic and the expei imental laboia- 
toiy that uncomplicated intestinal obstiuction (i e , without sti angulation oi 
peiitonitis) IS compatible with health so long as distention is pi evented and 
the alimentaiy lequiiements are satisfied A significant loss in plasma 
volume would not be expected and does in fact not occui in these circumstances 
Two dogs with obstiuction in the absence of distention showed, aftei 24 
houis, an aveiage plasma volume loss of 144 pei cent. Which is o y pei cent 
of the body weight Two intact dogs, undei light anesthesia, lost an aveiage 
of o 85 pel cent of the body weight m plasma 111 the same intei val 

But as soon as distention is pioduced, a rapid and extensive loss of 
plasma occui s In foui to six horns’ time this averages 364 per cent of the 
1101 mal plasma volume and m 18 to 23 houis 55 pei cent, which is equivalent 
to 3 I per cent of the body weight (Table II) 

The maiked diffeience induced by the distention factor alone is not due 
to a gi eater loss of watei and electiolytes into the intestinal lumen, bowel 
wall, 01 peiitoneal ca\ity, since the volume of fluid in these aieas at autopsy 
was veiy small in all the dogs of this senes except those with sti angulation 
Expei iments now m piogiess to locate the site of the lost plasma and the 
mechanism by which distention causes the loss of plasma indicate that some 
of It, at least, may be incaiceiated in the lowei poition of the tiunk and 
lower extiemities as a lesult of mechanical obstiuction to venous return, 
with lesultant slow blood flow and capillary anoxemia, occasioned by the 
distended gut 

In two pievious papeis,-’"^ evidence was given that the survival time of 
cats exposed to vaiying degiees of mti a-intestmal pressure was inversely 
piopoitional to the height of piessme It is appaient fiom Table II that the 
suivival time of the dogs in the foui gioups is inveisely propoitional to the 
extent of the loss of plasma This suggests a piobable con elation between 
the volume of plasma loss and the height of intra-intestmal piessure, although 
we did not obseive such a con elation within the limited lange of piessuies 
used (15-30 cm ) 

Aiid,^"* by the vital red method of Blown and Rowntree,^"^ found a plasma 
loss of 31 and 50 pei cent lespectively in two of foui dogs after seveial da3^s 
of low small bowel obstiuction In the othei two no significant change m 
plasma volume was noted Those shoving plasma loss had “gross dilatation 
and venous congestion” at autopsy, while the othei two showed “model ate 
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dilatation” In the light of oui experimental data, we would conclude fiom 
these statements that the degree of distention detei mined the extent of plasma 
loss And s method of jdasina volume detei inination is, howevei, open to the 
objection that the lehabihty of the method is questionable 

That the loss of plasma due solely to distention is of sufficient magnitude 
(2 34 pci cent of the body weight®" after 24 houis at a pressuie of 15 to 20 cm 
of watei ) to cause death is clear fiom the woik not only of Johnson and 
Blalock on dogs, but also of Elman and Cole,^®^ who found that cats die after 
a loss of plasma equivalent to 2 7 per cent of the body weight Boyce, 
McFetridge, and Lampert^® found that death occurred m dogs after removal 
of an amount of whole blood equivalent to 4 5^ pcr cent of body weight 
Roome, Keith, and Phemistei^' obtained nearly the same lesult, 7 e, 4 51 per 
cent Harkins and Hannon^® and others have shown that much less loss 
of plasma than of whole blood can be tolerated by the expeiimental animal 
A loss of led cells is better endured than an equivalent loss of plasma 
The marked loss of plasma m the distended animals is m conformity with 
the rise m hematocrit which, as early as four hours after the onset of dis- 
tention, aveiages 378 per cent and, after 24 houis, averages 425 per cent 
Since the loss of red cells is negligible (Table II), the hemoconcentration 
is due almost entirely to the loss of plasma The implications of this ob- 
servation in clinical therapy of obstiuction is cleaily that the use of whole 
blood for transfusion purposes is not only inferior to an equivalent volume of 
plasma, but has the disadvantage of adding red cells, which are not only 
not needed, but also increase the viscosity of the blood which is already too 
high In determining whether the distended patient needs whole blood or 
merely plasma, the hematociit should be the determining factor 

That the loss of plasma is an eaily and basic process in the syndiome of 
intestinal obstruction is evident from the extent of the plasma loss as early 
as the fourth hour after the onset of distention It is, consequently, piopei 
to conclude that the 1 eplacement of plasma is as essential as any othei 
theiapeutic measme, with the exception of the all important necessity of 
relieving the mtra-mtestmal pressuie If effective decompi ession cannot be 
achieved within a shoit time, the patient may die from lack of sufficient 
plasma volume 

The extent of the plasma loss aftei only four hours of distention m dogs 
provides a rough index of the amount of plasma which may be needed by a 
patient with obstruction who is on the verge of, or in the state of shock, e g , 
the average loss of plasma m dogs with obstruction and distention after foui 
hours, while the animal is still m good condition, is 365 per cent This 
percentage loss of plasma in an average individual weighing 70 Kg is ap- 
pioximately 1,000 cc If restoied in the fonn of whole blood, 1,800 cc would 
be required The deficiency of cm lent medical piactice in this connection is 

theiefore sufficient ly obvious 

* This figure is derived by subtracting the average 24-hour plasma loss in Groups I 
and II from that of Group III 
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Expel iments aie now in piogiess to deteimine the value of plasma tians- 
fusions 111 intestinal obstiuction 

Collecting clehydiation, though useful and necessaiy, would seem to be 
a less vital mattei at a ciitical stage m the process than the coirection of the 
plasma deficiency 

The least lehable guide to impending shock in animals with obstruction is 
the blood piessuie cuive which fails to show a shock level until just befoie 
death Since a significant fall in plasma volume is demonstrable long before 
the blood piessuie i caches shock level, leliance on the blood piessuie is mis- 
leading 


CONCLUSIONS 

(1) Dogs with intestinal obstiuction die moie lapidly if distended than if 
not distended If sti angulation is superimposed on the distention, death 
occuis even moie rapidly 

(2) Distention of the obstructed intestine in dogs causes an early and 
piogressive loss of blood plasma The aveiage loss of plasma volume 1 caches 
364 pel cent within four to six houis and 55 per cent within 24 houis A 
55 per cent loss of plasma is equivalent to 3 i pei cent of the body weight 
Of this amount, o 7 pei cent can be atti ibuted to dehydi ation , the remainder, 
or 2 38 per cent, is due solely to the deletei lous influence of the distention on 
the genei al cii culation A loss of 2 38 per cent of the body weight m terms 
of plasma is sufficient to cause death 

(3) Distention per se does not cause a loss of fluids into the intestinal 
lumen, bowel wall, or peritoneal cavity 

(4) When strangulation is added to obstiuction and distention, a 48 
per cent loss of plasma occuis within four hours It is suggested that 
sti angulation obstiuction 111 the absence of peritonitis causes death soonei 
than simple obstruction not because of a fundamental diffeience in the basic 
phenomena involved so much as because of a quantitative difference in the 
rate of loss of plasma 

(5) The magnitude of the plasma loss due to distention alone is sufficient 
to indicate that the all impoitant need foi immediate decompiession of the 
gut must be accompanied by a simultaneous administration of adequate 
quantities of plasma The volume of plasma necessaiy to lestoie the noimal 
plasma volume is far m excess of the amount commonly given to obstiucted 
patients in clinical practice The use of whole blood has disadvantages which 
make the use of plasma piefeiable 

(6) The administi ation of plasma is necessary long before evidence 
of shock IS indicated by the level of the blood piessure The blood pressure 
cuive IS a misleading guide to the patient’s condition 

(7) The use of intravenous fluids and electiolytes is necessary but not 
so vital as that of plasma 

(8) Distention is the cential distuibmg agent in uncomplicated obstruc- 
tion The mechanism by which it causes the loss of plasma is not clear That 
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it IS not because of a loss of fluids into the intestine and peritoneum (unless 
sti angulation supervenes) is ceitain 

(9) In evaluating the need foi plasma or whole blood foi the conection 
of the blood volume changes, the hematociit should seive as a useful guide 

REFERENCES 

^ Fine, J , and Levenson, W S The Effect of Foods on Postoperative Distention An 
Experimental Study Am Jour Surg, 21, 184, 1933 
- Rosenfeld, L , and Fine, J The Effect of Breathing 95 Per Cent Oxygen Upon the 
Intraluminal Pressure Occasioned by Gaseous Distention of the Obstructed Small 
Intestine Annals or Surglry, 108, 1012, 1938 
^ Fine, J , Banks, B M, Sears, J B, and Hermanson, L The Treatment of Gaseous 
Distention of the Intestine by the Inhalation of 95 Per Cent Oxvgen Annals or 
Surglry, 103, 375, 1936 

* Fine, J , Rosenfeld, L , and Gendel, S On the Role of the Nervous Svstem in Acute 
Intestinal Obstruction Annals or Surgcry (In Press ) 

® Gibson, J G, and Evans, W A, Jr Clinical Studies of the Blood Volume I Clin- 
ical Application of a Method EmploMiig the Azo Dye “Evans Blue” and the Spectro- 
photometer Jour Clin Invest , 14, 301, 1937 

Gibson, J G, and Evelyn, K A Clinical Studies of the Blood Volume IV Adapta- 
tion of the Method to the Photoelectric Miciocolorimeter Jour Clin Invest, 17, 

153. 1938 

Wangensteen, O H The Therapeutic Problem in Bowel Obstructions Chas C 
Thomas, Baltimore, 1937 

® Gibson, J G , Keeley, J L , and Pijoan, M Blood Volume of Normal Dogs Am 
Jour Physiol , 12 1, 800, 193S 

“ Gasser, H S , Erlanger, J , and Meek, W J Studies m Secondary Traumatic Shock 
IV The Blood Volume Changes and the Effect of Gum Acacia on Their Develop- 
ment Am Jour Ph>siol, 50, 31, 1919 

Johnson, G S , and Blalock, A Experimental Shock Study of the Effects of Loss of 
Whole Blood, of Blood Plasma, and of Red Blood Cells Arch Surg , 22, 626, 1931 
^^Ta3lor, N B, Weld, C B, and Harrison, G K Experimental Intestinal Obstruction 
Canad Med Assn Jour , 29, 227, 1933 

Herrin, R C , and Meek, W J Distention as a Factor m Intestinal Obstruction Arch 
Int Med , 51, 152, 1933 

Aird, I The Behavior of the Blood Volume in Intestinal Obstruction and Strangula- 
tion Brit Jour Surg , 26, 41S, 1938 

Brown, G E , and Rowntree, L G The Volume of the Blood and Plasma W B 
Saunders Co , Philadelphia, 1929 

Elman, R, and Cole, W H Loss of Blood as a Factor in Death fiom Acute Portal 
Obstruction Proc Soc Exper Biol and Med, 29, 1122, 1932 

Bojxe, F F, Lampert, R, and McFetridgc, E Occlusion of the Portal Vein An 
Experimental Study with Its Clinical Application Jour Lab and Clin Med, 20, 
935, 1935 

Roome, N W , Keith, W S , and Phemister, D B Experimental Shock The Effect 
of Bleeding after Reduction of the Blood Piessure by Various Methods Surg, 
G3uiec , and Obstet, 56, 161, 1933 

Harkins, H N , and Harmon, P H Plasma Exudation Loss of Plasma-Like Fluid 
111 Various Conditions Resembling Shock An Experimental Study Annals or Sur- 
GERL, 106, 1070, 1937 


36 



A STUDY OF THE RESULTS OP MEDICAL TREATMENT OF 

DUODENAL ULCER 

Fordyce B St John, MD 

AND 

Charles A Flood, MD 
New York, N Y 
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UNI\ERSIT1, AND THE PRESBYTERIAN HOSPITAL IN NEM YORK 

The aveiage patient with duodenal ulcei gives a histoiy of inteimittent 
symptoms with a tendency to recuiient attacks sepaiated by mteivals of time 
dining which he is i datively fiee of gastio-intestinal symptoms The study 
of a laige senes of patients with ulcer over a peiiod of yeais leveals that 
the majoiity of cases under medical tieatment aie subject to lecmient symp- 
toms of abdominal distiess if the peiiod of obseivation is continued ovei a 
long peiiod of time The difficulty of piedicting the piobabihty of lecuiience 
in futiiie yeais in a given individual with this disease constitutes a leal 
pioblem foi the clinician and often gives use to unceitamty as to what type 
of tieatment should be undei taken in a given case The decision by the 
physician to subject his patient to surgeiy implies the assumption that undei 
conseivative tieatment the patient has a pooi piognosis and that following 
a given type of singical tieatment the piognosis would be bettei Often 
suigery is undei taken because the patient and physician are both discouraged 
with the 1 espouse to medical treatment but without the slightest degiee of 
established piobabihty that medical tieatment would continue to be unsatisfac- 
toiy in the futme 

The present lepoit is based upon a study of a senes of conservatively 
tieated patients with duodenal ulcei ovei a peiiod of years An attempt has 
been made to analyze ceitam factois whuh appeal to deteimine piognosis 
in various types of cases, for the purpose of assisting in the solution of the 
question as to which patients with duodenal ulcei should be tieated suigically 
and which patients have a satis factoiy piognosis undei medical therapy 

This study has been earned out b) the membeis of the Combined Ulcei 
Clinic of the Presbytenan Hospital ovei a peiiod of more than ten yeais 
The patients under consideiation have all, at one time oi anothei, been ad- 
mitted to the waids of the Presbytenan Hospital for symptoms attnbutable to 
duodenal ulcei and in this sense aie a selected gioup No piivate patients aie 
included and only patients ivhose symptoms have been seveie enough to 
warrant hospitalization duimg the penod of observation m the Clinic are 
included 

The senes consists of 225 patients The diagnosis of duodenal ulcei 
was based upon the demonsti ation of a ciater 01 a deformity in the first 
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poition of the duodenum on loentgenologic examination It is lealized that 
this ciiterion for diagnosis is not always accuiate but it is the best available 
in the absence of an exploiatory operation The aveiage follow-up period 
per patient has been approximately thiee yeais The patients were seen in 
the Clinic usually at intervals of three months , oftener if they were having 
symptoms Return visits to the Clinic were not contingent upon lecuirence 
of symptoms In fact, during the majority of revisits the patients had no 
significant gasti o-intestmal complaints 

Ideally, the clinical course of a patient with duodenal ulcer should be 
lecorded in teims of the amount of time in a given year in which he has 
had symptoms and the severity of the symptoms This, however, is not 
practicable in an analysis of a laige group of cases and in fact the state- 
ment of the patient is not sufficiently reliable to wan ant such an attempt 
We have expiessed oui lesults in terms of the presence or absence of symp- 
toms 111 each year of observation in the Follow-Up Clinic If the patient 
1 eported that he had had no tilcei symptoms over the pei lod of an entire year 
this period was classified as satisfactory If, however, the patient had any 
symptoms of ulcei, however mild, the entiie j^ear was classified as unsatis- 
factoiy (Chart i) Symptoms such as belching oi a mild sense of distention 
aftei meals weie not interpreted as evidence of an active ulcer inasmuch 
as these complaints occur in so many noimal individuals 

Feb 

1932 1935 1934 (935 1936 1937 I938 



Chart i — Illustnting the method of charting cases for group analysis (A) 

Freedom from ulcer symptoms (B) Moderate symptoms (C) Incapacitating 
symptoms 

This patient was first hospitalized in October, 1932 He was symptom free 
in 1933, had moderate recurrences in 1934 and 1935 and severe recurrences in 
1936 and 1937 Hence his record has included one satisfactory year, two years 
in which there were moderate recurrences and two years in which there were 
incapacitating recurrences 

The senes includes 174 males and 51 females, a sex ratio of 3 5 i Two 
hundred three of the patients were white, 19 were Negroes and three weie 
Mongolians The age distiibution is shown in Table I 

Table I 


AGE DISTRIBUTION 


Second decade 

4 

Third decade 

42 

Fourth decade 

79 

Fifth decade 

57 

Sixth decade 

26 

Seventh decade 

16 

Eighth decade 

I 
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The mean age of the patients when fiist seen m the Clinic was appioxi- 
mately 35 Inasmuch as all patients have been hospitalized in the waids 
of the Piesbyteiian Hospital, they repiesent the lowei income gioup Occu- 
pations of the patients aie shown m Table II 


Table II 

OCCUPATIONS 

Laborers (skilled and unskilled) 78 

Domestics (including housewives) 36 

Office workers 26 

Salesmen 23 

Professional 18 

Chauffeurs 14 

Shopkeepers 9 

Miscellaneous 2 1 


Theie was of course wide vaiiation 111 the duiation of symptoms pi 101 
to obseivation The duiation of the disease pieceding hospitalization varied 
fiom one to two days to moie than 20 yeais according to the patients’ 
histones The number of patients whose symptoms were of lecent onset 
was compaiatively small Thiity-one membeis of the gioup (14 per cent) 
gave a histoiy of gastro-intestmal symptoms of less than two months’ duia- 
tion The duration of illness exceeded one yeai in 172 cases (76 per cent) 
Method of Tieatment Employed — Duiing hospitalization patients weie 
kept in bed foi appi oximately iS days and placed upon a modified piogressive 
Sippy regimen In most instances alkalies weie admmisteied at two-houily 
intervals Mild sedatives, tinctuie of belladonna and nightly lavage weie 
piesciibed when indicated Shoitly befoie discharge fiom the hospital an 
ambulatory ulcei diet consisting of six feedings pei day was begun The 
patients weie instructed to continue this diet aftei dischaige and weie also 
usually given alkaline powdeis to take if necessaiy foi distress An efiEort 
was made to secuie the cooperation of each patient in continuing on an 
ambulatoiy ulcei legimen as long as possible, but inevitably theie was wide 
vaiiation in the length of time duiing which patients would continue to 
follow a restiicted diet Most individuals followed then diet foi seveial 
months after dischaige and the aveiage patient continued to take intei feed- 
ings for from four to six months A consideiable propoition of patients 
remained on the diet foi moie than six months Giadually, howevei, almost 
all patients began to omit the interfeedings and to eat a moie libeial diet, 
although many continued to omit from their dietary legimen a selected 
number of foods such as poik, fried foods and spices 

Results for the EnUie Gioup — Of the 225 patients included in this 
study, SIX have died as the lesult of ulcer, a mortality rate of 2 7 per cent 
Thiee deaths weie due to hemoiihage, one to lupture of the esophagus 
associated with vomiting, one to tetaii)’’ and m one case the explanation for 
death was unceitam Only seven membeis of the group have been subjected 
to surgeiy 
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The total amount of time foi which the entiie group of patients has been 
followed IS 842 yeais, giving an aveiage of three and one-third years pei 
patient Individual follow-up peiiods have vaiied fiom a few months to 
15 3^ears 

Dm mg 503 follow-up yeais (01 60 per cent of the entire tune) theie 
has been complete fieedom fiom symptoms of ulcei In othei woids, our 
patients have lemamed symptom-free appi oximately one out of eveiy two 
yeais It should also be emphasized that most patients have been symptoin- 
fiee during the major portion of those yeais in which lecurrence took place '' 
Furtheimoie, the majoiity of the lecuriences have not been seveie enough 
to inteiiupt noimal activities and to incapacitate the individual A inoie 
piecise estimate of the seventy of the sjunptoms is shown m Table III, 
111 which the follow-up 3'ears aie classified accoiding to the seventy of the 
S3anptoms 


Table III 

ANALYSIS or SEVERITY OF SYMPTOMS DURING EOLI OW-UP TEARS 


Number 

of 

Cases 

Years of Freedom 
from 

Ulcer Symptoms 

Years in Which 
Moderate Recur- 
rences Took 
Place 

Years During 
Which Patient 
Had Incapacitating 
Recurrences 

Total 

Follow-Up 

Years 

225 

503 (60%) 

216 

123 (15%) 

842 


It Will be noted that the numbei of yeais m which patients weie ill 
enough to be incapacitated was compaiatively small, being only 15 pei cent 
of the total (equivalent to one out of every seven yeais) 

The foregoing figuies, expiessing lesults in teims of time, portia3'^ a 
fairly satisfactoiy follow-up foi the group as a whole Howevei, they fail 
to show the tendency to recurience in the laige majority of cases Foi this 
leason it is of inteiest to consider the pioportion of cases who have lemained 

Table IV 

ANALYSIS or THE NUMBER AND PERCENTAGE OP PATIENTS IN THE GROUP REMAINING 


CONTINUOUSLY 

WELL 

OVER A 

PERIOD 

or YEARS 



Years of Follow-Up 

2 

3 

4 

5 

6 

7 

8 

Number of patients 

140 

90 

79 

59 

43 

33 

25 

Number of patients remaining free 








from recurrence 

49 

37 

25 

13 

rr 

7 

6 

Percentage remaining free from re- 





25% 

21% 

24% 

recurrence 

35% 

40% 

31% 

22% 


*Tbis IS dearly shown when the results are analyzed by three-months periods 
instead of years The results by three-months periods for the entire group are Satis- 
factory periods— 81 per cent, periods in which moderate recurrences took place— 14 per 
cent, periods in which incapacitating symptoms occurred— 5 per cent 
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continuously symptoni-fiee ovei a peiiod of yeais These lesults aie shown 
111 Table IV 

One bundled foity patients have been followed foi moie than two 
yeais Sixty-five pei cent of them had lectinences within the fiist tivo yeais 
of the follow-up peiiod^ leaving only 35 per cent ivho lemained fiee f 10111 
symptoms The table shows the iiumbei of patients followed foi 11101 e than 
two to 11101 e than eight yeais Of the patients who Aveie folloAved foi 11101 e 
than five yeais, only 25 pei cent of them have lemamed continuously free 
f 10111 symptoms This tabulation illustiates 
the tendency foi most of the patients to ulti- 
mately have a recuirence of the disease 

Patients zvith Posistent Pain undei Hos- 
pital Management — The aveiage follow-up 
expectancy 111 a gioup of patients who have 
leceived medical tieatment foi duodenal ulcei 
has comparatively little application to the in- 
dividual case The clinician is confionted 
with such individual pioblems as the patient 
with persistent pain in spite of hospital man- 
agement, the patient who has had a gioss 
hemoiihage without much pain, 01 the patient 
Avho has persistent pyloric obstiuction not 
yielding to conseivative theiapy Oui entiie 
gioup of patients has, theiefoie, been subdivided into smallei gioups lepie- 
senting one 01 anothei of these clinical pioblems 

One of the commonest problems in the treatment of this disease is that 
piesented by the patient who suffeis fiom peisistent abdominal pain in spite 
of ideal conseivative tieatment We have found that oui patients Avith 


1Q36 1937 



ing Hospit-ilization 

O D (Unit No 477771), WAS ncl 
mitted in Febrmry, 1936, for inin due 
to duodenal ulcei Pam persisted 
for 25 da>s m the hospital The subse 
quent comse has been very unsatisfac 
torv And the patient has been Iiospi 
talired on four other occasions 


April 

1933 193d 1933 1936 1937 1938 



Chart 3 — Persistent Pain During Hospital Treatment 

E L (Unit No 372307), "OS admitted in 1933 for duodenal ulcer of three and 
one half j ears’ duiation Pam persisted for three weeks while in the hospital Sub 
sequent course has been very unsatisfactory, there having been one or more incapaci 
tating recuriences each year 

peisistent pain undei hospital tieatment have a very unfavorable piognosis 
Although not dischaiged fiom the hospital until then symptoms had coni- 
pletel}^ subsided, those patients aa^io had stubborn symptoms, yielding more 
sloAAdy to tieatment, suffeied recuiiences in succeeding yeais much moie fie- 
quently than did the aveiage patient (Chaits 2 and 3) For purposes of 
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anal3'sis, all patients who continued to have pain in the hospital on a modified 
Sippy legiinen foi moie than two weeks and also any patient who sutJeied 
a lecuiience of pain in the hospital after the fiist two weeks of tieatmeiit 
weie classified in the peisistent pain gioup Theie were 57 such patients 
followed foi an aveiage peiiod of thiee and one-half years They remained 
fiee fiom s3anptotns of ulcei dining only 30 pei cent of the tune (as com- 
paied with 60 per cent foi the entiie senes) The details of analysis are 
shown in Table V 


Table V 


RESULTS IN PERSISTENT PAIN GROUP 



Years m Which 

Years in Which 


Satisfactory 

There Was 

There Was 

Total 

Years 

Moderate 

Incapacitating 


Recurrence 

Recurrence 


57 (30%) 

87 

49 (25%) 

193 yrs 


Not only was the fiequenc3'' of lecunence much greater m this senes of 
patients with peisistent pain than in the average case, but the lecuiiences 
weie more seveie 

There are of couise a numbei of patients 111 the persistent pain gioup 
whose individual lesults have been satisfactoiy, and the conclusion cannot 
be drawn that all patients with peisistent 01 recuirent pain while undei 
hospital treatment have a bad piognosis In many of oui cases, howevei, 
the lesults were so discoui aging that surgical inteivention should piobably 
have been considered 

On further analysis, it was found that patients m this gioup with peisistent 
pain who suffeied a recurience of symptoms duiing the fiist six months after 
discharge fiom the hospital had even moie unsatisfactoiy lesults In fact, the 
clinical course m such patients was so uneven and characteiized by such 
fiequent and seveie recuiiences that theie lemains no doubt that suigical 
tieatment would have been piefeiable m most instances Theie weie 29 
patients in the peisistent pain gioup who had a lecuiience within six months 
of dischaige fiom the hospital The follow-up lesults aie shown m Table VI 


Table VI 


Satisfactory 

Follow-Up 

Years 

Years During Which 
Patients Had 
Moderate Recurrence 

Years of 
Incapacitating 
Recurrence 

Total 

Follow-Up 

Years 

II (14%) 

44 

23 (29%) 

78 


Caieful analysis of the group with peisistent pain revealed no othei 
common chai actei istic which would have been suggestive of moie serious 
disease The average age was 42, not much older than the average in our 
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entile senes of cases The incidence of gioss henioiihage was not lemark- 
able Two-thiids (32) of the patients had never suffeied fiom gioss 
hemoiihage, nine had had a single gioss hemoiihage and the leinaining 
eight had had two 01 11101 e henioi rliages This incidence of hemoiihage 
IS appi oximately of the same fiequency as that of the entiie senes Recog- 
nized psychiatric disease 111 this group was not paiticulaily common Foui 
patients weie diagnosed as having an anxiety neuiosis and one patient had 
manic depiessive insanity 111 a mild f 01111 Only a few of oui patients, how- 
evei, have been studied by a psychiati 1st 

The caie with which dietary tieatment was followed by this gioup of 
patients aftei dischaige f 10111 the hospital vaned, but 111 the majonty of 
cases could be consideied satisfactoiy, as only 13 of the 57 patients admitted 
having bioken then diet during the fiist six months Twenty-five patients 
lepoited caieful adheience to the diet as piesciibed, for at least six months 
aftei discharge, and 111 many instances the patients lemained on tins diet 
for 11101 e than a yeai Ten patients followed the ambulatoiy ulcei diet foi at 
least SIX months but omitted mtei feedings at times Infoiniation coiicei iiiiig 
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Chart 4 — Immediate Response to Hospital Therapy 

O M (Unit No 37243&), was admitted for a duodenal ulcer of 12 jears’ duia 
tion No history of gioss hemoiihage or obstruction Subsequent course uas fairlj 
satisfactory Patient has had one moderate and one seveie recurrence in five jears 

diet was incomplete on nine patients In general it may be said that this 
gioup of patients weie as conscientious about dietary treatment as can be 
expected The lesults of tieatment cannot be legaided as satisfactoiy 
Immediate Relief of Pain under Hospital Tieatment — Inasmuch as there 
appealed to be a lelationship between peisistence of pain in patients with 
duodenal ulcei on hospital tieatment and their piognosis, it was also of 
mteiest to analyze the lesults m those patients who had piompt lelief 
of symptoms immediately aftei hospital admission It was found that 
those patients who weie admitted to the hospital because of abdominal pain and 
whose symptoms weie lelieved within 24 houis of admission appealed to 
have a veiy good piognosis (Chaits 4 and 5) There weie 36 cases falling 
within this gioup, namely, patients with lelief of pain within 24 horns of 
admission and without any complication such as gross hemorihage or 
pyloiic obstiuction Some of the patients in this gioup had slight gastric 
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letention shown loentgenologically The piesence of a small baimm lesidiie 
on one examination, absent on the next examination, was not considered 
significant 

1931 1932 1933 1934 1935 1936 1937 1938 
A 


B 


C 

Chart 5 — TmmcdiTte Relief of Sjmptoms After IIospitTlizniion 
C S (Unit No 318587), idmitted for sjmptoms of five ycTrs* 

duration No history of gross hemorrlnge or ohstructron IIis been satis 
factorj for si\ out of sc\en follow nj) >cars 

This gioup of 36 cases has been followed foi a total of 193 years, lep- 
lesentmg an aveiage follow-up period of five and one-thiid yeais pei 
patient The results aie shown m Table VII 


Tablc VII 



Years in Which 

Years in Which 


Satisfactory 

There Were 

There Were 

Total 

Years 

Moderate 

Incapacitating 

Years 


Recurrences 

Recurrences 


148 (76%) 

29 

16 (8%) 

193 


Expiessed otheiwise, patients m this gioup suffeied a lecuirence of 
symptoms once in eveiy foui follow-up yeais Incapacitating lecuiiences 
took place less than once m eveiy ten yeais It appeals then that the 
patient who is admitted to the hospital foi an uncomplicated duodenal ulcei 
and whose symptoms subside almost immediately after admission to the 
hospital has an excellent prognosis under medical treatment 

G}oss Hemojihage — Ninety-one patients in this senes suffered fiom a 
gross hemoirhage at some time during their peiiod of follow-up obseiva- 
tion Death lesulted in thiee cases, a moitahty rate of 3 3 pei cent There 
were five additional cases who gave a convincing history of hemoirhage but 
who have not bled since they have been undei observation In the majority of 
instances gioss hemoiihage occuiied only once A small group, howevei, 
have suffered from lepeated hemorihages 

The patient who has had a senes of gioss hemorrhages fiom duodenal 
ulcer constitutes a senous therapeutic pioblem, involving the choice between 
suigical treatment and the continuation of medical therapy Theie are only 
18 patients in oui senes who weie under observation after having had three 
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or moie gioss hemoiihages This gioup is small because it has been the usual 
piactice to tieat such patients surgically and veiy few have been obseived 
undei continued medical lieatment The total follow-up peiiod for this 
gioup of i8 patients has been 34 yeais, 60 per cent of which weie satisfac- 
toiy Detailed lesults aie shown in Table VIII 


Table VIII 


Satisfactory 

Years 

Years in Which 
Moderate 
Recurrence 

Took Place 

Years in Which 
Severe or 
Incapacitating 
Recurrence 

Total 

Follow-Up 

Years 


Took Place 


20 (60%) 

5 

9 (26%) 

34 


The incidence of lecuiience in our patients who have had multiple gioss 
hemoiihages was no laigei than the average foi the entiie series At hist 
hand, these lesults appeal to be m conflict with the clinical nnpiession 
geneially held that patients with lepeated hemoiihage due to duodenal 
ulcei have a poor piognosis It should be noted, howevei, that the inci- 
dence ot seveie and incapacitating lecunence m these patients was laige 
In 26 pet cent of the follow-up yeais the patients were incapacitated by le- 
cLiiient symptoms of ulcei It appeals, theiefoie, that while the incidence 
of ulcei lecuiience in patients with multiple hemoiihage is not gieatei than 
the aveiage hospitalized case of duodenal ulcei, such patients aie moie apt to 
have veiy seveie symptoms in subsequent attacks In this sense, the outlook 
foi the patient who has had multiple gioss hemoirhages may be considerably 
woise than that of the individual who has an uncomplicated duodenal ulcei 
This pioblem merits fuithei study with a laigei senes of cases 

On the othei side of the pictuie is the outlook foi the patient who is suf- 
fenng fiom an initial gioss hemoiihage His piognosis appeals to be veiy 
satisfactoiy, paiticulaily if the hemorihage is not accompanied by pain 01 
obstiuction There weie 28 cases followed after admission to the hospital 
foi an initial gioss hemoiihage and who had no pain dining hospitalization 
This gioup includes both those patients who had never had any pievious symp- 
toms of duodenal ulcei and also those patients who had previously sufTcied 
fiom abdominal pain but who weie not suffering fiom pain at the time of 
hospitalization Results in these patients aie among the best m oui entire 
senes (Table IX) 

The question aiises as to whethei patients who have had a single gioss 
hemoiihage are moie apt to have lecuiient bleeding m the futuie than are 
patients with duodenal ulcei who have nevei bled Although our series of 
cases is too small to answer this pioblem positively it is of mteiest to note 
that of the 28 patients in this gioup admitted for an initial hemoirhage, se\en 
(or 25 per cent) have suffeied fiom subsequent hemoiihage during the 
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Table IX 

Satisfactory 

Years 

Years in Which There 

Were Moderate 
Recurrences of Symptoms 

Years of Severe 
Recurrence 

80 (76%) 

15 

II (10%) 


follow-up period In contiast, the incidence of hcmorihage during follow-up 
in patients who had not bled prior to hospital admission has been very low 
Of oui gioup of 36 patients with uncomplicated duodenal ulcer who had 
immediate lelief of pain on hospital admission, only one has had a subse- 
quent gloss hemorihage 

Anothei pioblem occasionally encounteied m the hospital treatment of 
peptic ulcer is that of persistent bleeding Six patients in this series piesented 
evidence of peisistent bleeding dining hospital tieatment unassociated with 
peisistent pain 01 obstiuction The aveiage patient admitted for gioss hemoi- 
ihage fiom duodenal ulcei shows evidence of occult blood in the stool for 
five to seven days aftei admission Foi the pin pose of the piesent analysis, 
patients who had a positive guaiac test m the stool after two weeks of hos- 
pitalization were classified as having persistent hemorihage None of the 
SIX patients falling within this classification has had an unsatisfactory 
follow-up result after discharge from the hospital The numbei of patients, 
however, is too small to justify any conclusion conceining the prognostic sig- 
nificance of persistent hemorrhage in patients with duodenal ulcei 

Peisistent Pylouc Obstiuction —There aie very few patients 111 thi? series 
who had persistent obstiuction duiing hospital tieatment High grade pyloiic 
obstruction in duodenal ulcei has long been an indication for surgical inter- 
vention A few patients, however, m this medically tieated senes had per- 
sistent obstruction throughout hospital tieatment There weie four patients 
who had at least a 50 pei cent letention of the barium meal on roentgenologic 
examination at the end of six hours, persisting after at least two weeks 0 
hospital treatment Hospital tieatment consisted of rest, diet, belladonna 
and nightly gastric lavage The lavage was continued aftei the patients be- 
came ambulatory All four patients had very unsatisfactory follow-up lesu ts 

Six other patients had an intermediate grade of pyloric obstruction as 
judged roentgenologically On entrance into the hospital, they were found 
to have a six-hour retention to 25 to 50 pei cent of the barium meal This 
degree of obstruction persisted after hospital treatment The amount ot 
obstruction in these cases was not as severe as m the fiist gioup Response 0 
treatment was, however, not veiy satisfactory (Chait 6) Of the 
three had a satisfactoiy follow-up course and the other three continued to have 

symptoms of obstiuction associated with pain 

Discussion— The results of this suivey indicate in a geneial way pi°r 
nosis for patients who aie suffenng from severe symptoms due to duodenal 
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ulcei The lesults do not apply to all patients with this disease, inasmuch as 
we have been dealing with a selected gioup We have puiposely excluded 
fiom piesent consideiation any patient under obseivation in the Clinic whose 
symptoms have nevei been seveie enough to waiiant hospitalization 

Fuitheimoie, oui gioup does not include patients who have been undei 
piivate caie duimg the peiiod of study Whethei or not the piognosis in a 
gioup of individuals with duodenal ulcer whose economic status diffeis fiom 
that of pel sons eligible foi clinic and ward caie is a question that cannot be 
answeied at the piesent time 

The aveiage peiiod of follow-up per patient m oui senes is compai atively 
shoi t, being only a little moi e than three years Oui data, thei ef oi e, can only 
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Chart 6 — Persistent Obstiuction 

A P (Unit No 419033), age 41, had initial symptoms 15 years ago 
First admission, in Octobef, 1934, was for moderate pyloric obstruction 
On diet and lavage, the obstruction persisted (six hour barium residue of 
2S per cent) Eventually, the patient became symptom free His subse 
quent course has been one of frequent recurrences usually moderate m 
severity At present, the patient still has slight obstruction demonstrable 
roentgenologically 

be applied with any degiee of ceitamty in problems of immediate prognosis 
Whether the expectancy of lecuiience changes in a gioup of individuals under 
obseivation over a longei peiiod of yeais will have to be determined by fui- 
ther study Theie aie indications, howevei, that in any large group of indi- 
viduals with duodenal ulcei under conseivative treatment, the nunibei of le- 
cuirences lemains appi oximately the same at any one time Insofar as oui 
follow-up studies have been earned, we have found that in any given six 
months’ peiiod, approximately 25 per cent of oui patients suffei from symp- 
toms attributable to ulcei, the lemaining tin ee-quarters of the gioup being 
symptom-fiee This is tiue both of the fiist six months of follow-up after 
hospital treatment and of succeeding yeais 

Among the patients whom we have included in this study, the worst results 
were obtained m the gioup with peisistent pain and the group with multiple 
hemoiihage Results in oui senes of 57 patients with persistent pain during 
hospitalization have been so pooi that in the future we feel that surgical 
theiapy should be seiiously consideied for any patient who falls within this 
gioup The combination of peisistence of pain dm mg hospital treatment and 
eaily lecuiience aftei the patient becomes ambulatory has been followed b}’’ 
even woise lesults In fact, oui experience rvith almost every patient wdio 
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has fallen into this categoiy has shown that it would have been wisei to ha^e 
subjected the patient to suigical inteivention Conti amdications to surgery 
did not exist in the majoiity of patients in this group 

Oui data conceining patients with multiple heinoiihage aie lathei suipiis- 
mg, in that they show no gieatei fiequency of lecuirence in this gioup than 
in the aveiage case m the senes There is, howevei, no logical leason to 
assume that a patient who chances to bleed dm mg a lecuneiice of ulcei on 
seveial occasions should be moie pi one to have fiequent recuiiences in the 
futuie The impoitant consideiation is that when this type of patient does 
suffei a lecuiience, the symptoms aie moie apt to be seveie and the patient 
IS again apt to have associated bleeding It is this hazaid that makes the 
patient with multiple hemoiihage a candidate foi elective suigery 

Oui numbei of patients with peisistent pyloiic obstiuction associated with 
duodenal ulcei is too small to justify furthei comment Peisistent pyloiic 
obstiuction has long been one of the piimaiy indications foi suigical therapy 
m duodenal ulcei Oui veiy unsatisfactoiy expenence with patients m this 
gioup undei medical tieatment is m accoid with this geneial view It should 
be pointed out, howevei, that maiked pyloiic obstiuction frequently yields to 
ti eatment with bed i est and pei iodic gastric lavage Patients of this type do 
not, of couise, fall into the gioup with peisistent obstiuction Opeiation foi 
pyloiic obstiuction should usually be defeiied until it has been demonstiated 
that such obstruction peisists aftei adequate medical theiapy 

It should again be emphasized that the majoiity of cases of duodenal ulcer, 
even in this selected senes of patients with seveie symptoms, lespond veiy 
piomptly to medical tieatment in the hospital It is the exceptional patient 
who continues to have pain oi vomiting foi two weeks oi moie aftei the in- 
stitution of bed lest and fiequent feedings Ceitam it is that the disappeai- 
ance of symptoms undei tieatment piecedes by a considerable peiiod of time 
the complete healing of the ulcei The mechanism by which this lelief of 
symptoms is effected is not entiiely cleai, but has been attiibuted m pait to 
lelief of pyloiic spasm and neutiahzation of gastiic acidity The impoitant 
idle of mental lelaxation which usually occuis following hospitalization should 
not be ovei looked 

The coi 1 elation between the symptomatic pictui e and the pathologic lesion 
IS also difficult m those patients with peisistent pain followed by eaily lecui- 
lence The question aiises in these individuals as to whethei theie has been 
a peisistence of the same ulcei oi whethei the oiigmal lesion has healed and a 
new ulcei has developed Roentgenologic examination of the duodenum has 
not leached the degiee of piecision lequiied to answ^ei this pioblem In view 
of the fact that many ulcei crateis in the duodenum aie not visualized loent- 
genologically (the examination often showing only a duodenal deformity), the 
ladiologist IS unable to determine whethei patients m this group have a pei- 
sistent oi a lecuirent ulceiation With futuie impiovements m i oentgenologic 
diagnosis oi othei methods of examination, it may become possible to segiegate 
the group of patients with duodenal ulcei who have lesions wdnch fail to heal 
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on medical theiapy Such patients would be candidates foi suigeiy In all 
likelihood many of oui patients with peisistent pain undei hospital tieatment 
would fall within this group 


SUMMARY 

(1) Follow-up lesults in the selected senes of 225 patients with duodenal 
ulcei undei medical ti eatment ai e 1 epoi ted 

(2) The majoiity of patients who weie followed foi moie than two 
yeais developed lecuirent symptoms In most instances lecuiiences weie 
mild and leadily conti oiled by fuithei medical theiapy 

(3) Appi oximately 75 pei cent of patients were symptom-fiee dining 
each SIX months’ peiiod of follow-up obseivation 

(4) Detailed study levealed that ceitain selected gioups of patients had an 
unsatisfactoiy piognosis in compaiison with the othei patients in the senes 

(a) The majonty of patients with peisistent pain lasting foi moie 
than two weeks dunng hospital tieatment had an unsatisfactoiy follow-up 
couise When patients of this type suffeied an eaily lecuiience of symp- 
toms aftei dischaige fiom the hospital, the lesults weie even woise 

(b) Patients who had had thiee or moie gioss hemoiihages due to 
duodenal ulcei weie not moie pi one to have lecunences than the aveiage 
patient in the senes When lecunence took place, howevei, the symptoms 
wei e moi e apt to be sevei e 

(c) Piolonged medical tieatment was undei taken in a few patients 
with peisistent pylonc obstiuction The lesults weie unsatisfactory 

(5) Ceitain gioups of patients weie found to have a piognosis which was 
bettei than aveiage 

(a) Most patients with uncomplicated duodenal ulcei who had com- 
plete relief of pain within 24 houis of hospitalization had veiy satisfactoiy 
follow-up lesults 

( b) The majonty of patients who weie hospitalized foi an initial gioss 
hemonhage without associated pain 01 obstiuction had a veiy satisfactoiy 
follow-up course 

(6) Suigical theiapy should be consideied for patients falling into the 
categones enumerated under (4), namely, peisistent pain, multiple hemoi- 
1 hage and pei sistent pyloi ic obsti uction 
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INTERNAL BILIARY FISTULAE AND INTESTINAL 
OBSTRUCTIONS DUE TO GALLSTONES 

Andreav M McQueeney, MD 

BniDGEPonx, Conn 

The impaction of a gallstone as a cause of intestinal obstruction has long 
been lecognized An eaily, collect diagnosis has seldom been made As a 
lesult, the patient is not sent to the hospital until in a dangeious condition 
Wakeley and Wilhvay' state that “Most stones enteiing the intestinal tiact 
aie passed natuially, with no symptoms except the initial attack of biliaiy 
colic Stones which aie laige enough to cause obstiuction never pass the 
entiie length of the common bile duct but ulceiate thiough fiom the gallbladder 
oi a duct into the bowel ” 

Theie aie two points which we wish to stiess particularly lelative to these 
cases F ii st, the intestinal obsti uction , and second, the intei nal biliary fistula 
which IS piesent Not infrequently, a laige stone has been found m the 
intestinal tiact without having pioduced any untowaid symptoms 

The recoids lelative to the fiequency of intestinal obstruction due to gall- 
stones appaiently vaiy lathei widely Osler^® reported 23 cases due to gall- 
stones out of a total of 295, 01 7 8 per cent V ick,^~ m a symposium on in- 
testinal obstiuction, in 1932, leported 47 out of 3,625 cases, or i 3 per cent 
Combining the statistics which we have gathered from vaiious authois, it is 
found that out of a total of 7,232 cases of intestinal obstruction, 149 were due 
to gallstones, 01 2 per cent of all obsti uctions The mortality is in the neigh- 
boihood of 50 per cent and is laigely the lesult of delay The histoiy is not 
typical of intestinal obstiuction and the tiue diagnosis is difficult We have 
lecords of 41 cases of complete 01 paitial obstruction of the bowel during the 
past three yeais, two cases, 01 about 5 pei cent, were due to gallstone impac- 
tion The average age of all cases reviewed was 66 yeai s , 80 pei cent were 
females 

In piactically eveiy case in which the location of the obstruction was men- 
tioned, it was within two feet of the ileocecal valve, most frequently about 12 
inches fiom the cecum In a laige peicentage of cases, the history of obstruc- 
tion is intermittent In most, there was an antecedent histoiy suggesting 
gallstone colic, often several yeais pieviously, then lecuiient attacks of so- 
called indigestion with distention, nausea and vomiting, with severe cramp- 
like pains which fiequently ceased as suddenly as they had begun The 
most common diagnosis was food poisoning In many cases the history was 
vague, consisting of the occuirence of chills and fever, suggesting malaria 
or an infected gallbladdei After lecovery from this, there followed recurrent 
headaches with vague abdominal pain, nausea and vomiting These episodes 
weie usually diagnosed as migraine After a period of from three to 15 years 
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with symptoms suggestive of gallbladdei disease, a complete obstiuction of 
the bowel occuired From the histones leviewed one would gather that the 
obstruction was incomplete at hist Relief is aftoided by the stone moving 
back into a laiger segment of the intestine by i eti opei istalsis Finally, the 
stone IS propelled into the narrow pait of the ileum and becomes lodged If 
lecognized eaily, the opeiative lemoval of the stone is compaiatively simple 
The stone finds entrance to the intestine by ulceiating thiough the gall- 
bladdei wall into some pait of the intestinal tiact, most fiequently into the 
duodenum Usually a shoit fistulous tiact is found, sometimes theie is a 
direct opening The findings at autopsy, as lepoited by Couivoisiei,-® m 36 
cases, aie of inteiest in this connection The fistula enteied the duodenum 
111 25 instances, the ileum in one, into both the colon and duodenum m two, 
the colon m one, and no fistula was demonstiable 111 seven cases In most 
instances, a dense mass of adhesions firmly bound the gallbladdei and duo- 
denum together, enclosing a cystoduodenal fistula Of the 149 cases of 111- 
teinal bihaiy fistulae lepoited in the literatuie, the gallbladdei was always 
involved Theiefore, while m theoiy a stone may ulceiate thiough the common 
duct into the intestine, not one case was found lecorded Eveiy iiiteinal bihai}'’ 
fistula found was from the gallbladder to some pait of the intestinal tiact 
Beinhard^ lepoited finding 109 inteinal biliaiy fistulae in 6,263 cases of 
suigical intervention upon the biliaiy passages, or i 8 pei cent In most, 
there was an mtei mediate canal The gallbladdei opened into the duodenum 
111 56 instances, into the colon 111 36, into the stomach m 12, and into seveial 
fistulous tiacts 111 five In addition to excision of the fistula, the pimcipal 
bile tract was diaiiied in 60 cases The moitality was about 10 pei cent 
There is a geneial impiession that life expectancy is lathei shoit after an 
inteinal biliaiy fistula has been established This is laigely due to the fact 
that in dogs an ascending infection thiough the bile passages occuis and death 
follows rather eaily We may seiiously question the tiuth of this obseiva- 
tion as applied to man, if one leviews the statistics We have had two cases 
in which an internal biliaiy fistula has existed, one for 19 yeais and the othei 
for 15 years, without any evidence of alteration of noimal health In the 
piesence of a fistula, the infection could diiectly enter the gallbladdei The 
duodenum, however, is relatively fiee of pathogenic bacteiia 

Eliason and Johnson,^ in a discussion of life expectancy subsequent to 
cholecystentei ostomy, decided that cholecystogasti ostomy or cholecystoduo- 
denostomy has a definite place in the lelief of common bile duct obstiuction 
Yet, they stress the point that the danger of ascending infection is so gieat 
as to pieclude the adoption of the opeiation without careful delibeiation 
While the danger seems established in dogs, Robnison^^ leports such 
anastomoses in both man and animals without lesultant infection It is knovn 
that man fiequently suivives foi many yeais aftei such operations 

We wish to lecoid two cases which have suivivcd gallstone obstruction of 
the bow^el, and lived wnth an internal biiiaiy fistula, for 15 and 19 yeais, re- 
spectivel)’’, in noimal health In addition, theie aie two othei s wnth autopsy 
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findings, which occuiied on the seivice of two confieies on the staff of St 
Vincents Hospital In all foui of these cases the fistula was fiom the gall- 
bladdei to the duodeiuiin In each instance, the obstruction was ^\lthln two 
feet of the ileocecal valve The two fatal cases weie admitted to the hospital 
six and seven da3's, i espectively, aftei the onset of S3unptoms of obstruction 
One lepoited having had steicoiaceous vomiting foui days befoie admission, 
she was consideied too weak to wan ant opeiation, notwithstanding which 
she suivived foi five da3^s Ihe second was opeiated upon immediately aftei 
enteiing the hospital, she died m shock foui houis aftei opeiation There 
seems to be a similaiit3f in the histones m neail3' all cases studied A detailed 
lepoi t of the symptoms in one case may assist in ai i iving at an eailiei diagnosis 

Case Report J B, white, female, age 6i, mainecl, weight 170 lbs, was admitted 
to the hospital. May ii, igi8, with a histoiy of complete obstruction of the bowel of 48 


Tic I Tig 2 



Tig I — Pho ognph of the gillstone causing the intestinal obstruction 
Pic 2 — Koentgenogram of the gastro intestinal tract showing diverticula at the site 
of attachment of the gallbladder to the duodenum 


hours' duration Her previous history developed the fact that at the age of 16, she had 
had an attack of stomach trouble, evidenced by epigastric pain, nausea and vomiting, and 
liad later become jaundiced She had been constipated all her life, requiring laxatives, 
has three children, no genito-ui mary diseases For a period of years, she had been 
treated for episodes of “indigestion with severe headaches, nausea, vomiting and epigastric 
pain, lasting from one to three days”, and always accompanied by abdominal distention 
and eiuctations The last attack had occurred May ii, 1918, eight days before admission 
The onset was not acute Theie had been some distress in the epigastric region and she 
felt very feverish, was nauseated and had frequent vomiting spells Headache was severe 
Two days after the onset, pain in the upper abdomen to the left of the midline developed, 
and she had some fever and chilly sensations The pain became intense on the third day, 
shooting from the epigastrium through to the back in the upper lumbar and interscapular 
regions The abdomen had become distended and only small amounts of gas and feces 
could be passed During the next few days nothing was passed per rectum, the pain 
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continued to be verj^ seveie and vomiting frequent The patient became markedly dis- 
tended and finally fecal vomiting ensued 

Physical Examination — On the eighth day after onset, the patient was in veiy pooi 
condition and markedly dehydrated Tempeiature 103° F, pulse rapid and weak Face, 
chest and upper part of the abdomen of mottled puiphsh hue, while the lowei extremities 
were cold and white The abdomen was distended and the breathing was lapid but not 
labored On palpation, a general soreness of the abdomen was elicited, with acute tendci- 
ness in the right lower quadrant Otherwise, the physical examination was negative 

Laboiafoiy Data — The urine showed a moderate amount of albumin and hyaline casts 
The blood showed red blood cells, 3,600,000, hemoglobin, 70 per cent, white blood cells, 
12,000, 90 per cent segmented forms , 8 per cent small lymphocytes, and 2 per cent large 
mononuclear Wassermann test, negative The blood pictuie was almost identical in 
all of the four cases reviewed heie 

Opciation — May 19, 1918 Under general 
anesthesia, the abdomen was opened thiough a 
six-inch paramedian muscle splitting incision 

Opciatwe Pathology — The small intestines 
were greatly distended The obstruction was 
found to be situated in the ileum, 12 inches 
from the ileocecal valve, and had resulted fiom 
the impaction of a large gallstone (Fig i) 

The stone was removed and the intestine su- 
tured Further exploration showed a cobweb- 
hke fibrosis or hepatitis of the right lobe of the 
liver, in the region of the gallbladder The gall- 
bladdei was firmly attached, throughout its 
length, to the duodenum, and an opening between 
the gallbladder and the duodenum, about one 
and one-half inches in length, was identified 
It felt much like the stoma produced by a 
gasti o-entei ostomy A single cigarette dram was 
inserted A blood transfusion of 500 cc was 
given and normal saline administered subcu- 
taneously, lepeatedly, to restoie the chlorides 
Convalescence was uneventful after the first 24 
hours Ihe patient is still alive after 19 years 
and still has her biliary fistula, as was lecently shown roentgenologically (Figs 2 and 
3) She remains quite asymptomatic 

CONCLUSIONS 

All cases exhibiting seveie abdominal pains, peisistent vomiting and local- 
ized tenderness with model ate leukocytosis, will be in less dangei fiom an 
exploiatoiy celiotomy, despite negative loentgenologic findings, than by the 
expectant type of tieatment If a bibaiy fistula is found it need not cause too 
mncb concern 
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Fig X — Roentgenognm after admini 
stntion of d>(. in ordet to Msinlirc the 
gallliladder Seepage of the dje can he 
seen passing through the fistula into the 
duodenum 
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CHOLEDOCHUS CYST WITH A DOUBLE COMMON BILE DUCT' 

SEQUELAE AND COMPLICATIONS 

S Dana Webdee, MD 

Philadelphia, Pa 

Certain pi ognostications as to futuie physiologic leactions weie made in 
1935, when Doctoi Swaitley and F repoited a case of choledochus cyst with 
a double common bile duct It is impoitant to establish by diiect evidence 
physiologic and suigical principles In this way we aie able to go f 01 waul 
with confidence in developing suigical piocedures The leahzation of these 
prognostications and ceitain mteiestmg complications have piompted the 
pi esent communication 

Foi those who may not be familiar with this mteiesting case, it might 
be well to review the important featuies, and again state oui pi ognostications 

Resume of Case Report ^ — D , male, age 4, was admitted to the Germantown 
Hospital m December, 1932 He was operated upon December 13, 1932, at which time 
a choledochus cyst was found and, after searching, what appeared to be a duct running 
from the porta hepatis to the duodenum It was thought this duct was patulous, and 
would probably be adequate to carry sufficient bile to sustain life Excision of the 
choledochus cyst was, therefore, performed Because of the shocked condition of the 
patient, it ivas not possible to definitely establish the arrangement of the ducts We 
felt rather certain, however, that they were arranged as shown in Figuie i (B) 

It seemed the right and left hepatic ducts were separate, and did not join, as is 
normal, but proceeded separately to the duodenum, and that the choledochus cyst and 
gallbladder were a part of the right hepatic duct, the distal end emptying into the duo- 
denum winch, I believe, was not patulous This duct was ligated on both sides of the 
cyst 

We pi ognosticated then that (i) If the duct to the choledochus cyst was 
the light hepatic and it was ligated, atiophy of the light half of the hvei 
must follow, beaiing out the principle when the need for function ceases, 
function wall cease and the pait wall undeigo atrophy of disuse (2) If 
atiophy of the light half of the liver occurs, then theie should be a compen- 
satoiy hypei trophy of the left half of the liver (3) Compensatory hyper- 
trophy of the left half of the liver wall only occui if the left hepatic duct is 
sufficiently laige to adequately take care of the inci eased secretion of bile 
All of these conditions have come to pass The patency and adequate si/e 
of the duct have been demonsti ated, by the fact that, since a month after 
opeiation until the pi esent time, there has nevei been any suggestion of 
jaundice Atrophy of the right half of the liver and compensatory hyper- 

* Presented before the Joint Meeting of the Philadelphia Academj of Surgerj and 
the New York Surgical Society, at Philadelphia, Pa , Februarj 9, 1938 Submitted for 
publication May i, 1938 
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tiophy of the left half weie demonstiated at the time of a subsequent opeia- 
tion, in 1936, when the abdomen was again opened 

Subsequent Com sc — The patient remained entirel}^ well until January i, 1936, when 
he complained of malaise, some generalized pain and distention of the abdomen The 
physical examination was negative except for pallor of the skin, a murmur at the apex 
of the heart, pulse 128, considerable enlaigement of the veins of the abdomen and some 
ascites Two masses were palpable, one, extending three fingers’ bieadth below the 
ensiform, the other, about two and one-half fingers’ breadth below the left costal maigm 
One was thought to be the liver, the other the spleen 

Laboiatoiy Data — Red blood cells, 1,400,000, Hb , 15 per cent, white blood cells, 
4,000, thrombocytes, 74,000 All the white blood cells were normal m size, shape and 
staining The red blood cells showed polychromasia , there were occasional nucleated 
cells but the majority were pessary cells, some microcytes and poikilocytosis There was 
no stippling 

The coagulation time was five minutes, bleeding time, four minutes, fragilitj began 
at 03 per cent, not complete m 05 per cent Van den Bergh test Delayed positive 
dnect reaction, mdiiect 18 units, strength of bilirubin, 98 mg per liter Sedimentation 
rate, 38 Mm m 60 minutes The stool was weakly positive for blood 

Tieatinent — Ten transfusions by the direct method were given between Januaty 3, 
1936, and February 3, 1936, with very slight improvement m any of the blood elements 
On the latter date, there were red blood cells 2,300,000, Hb 26 per cent, white blood 
cells 3,900, thrombocytes 82,000 A diagnosis of splenic anemia was made and a 
splenectomy was performed, February 5, 1936 

The oppoitunity was offered at this time to veiify our pievious piognos- 
tications The light lobe of the hvei was atrophied, the left lobe gieatly 
hypeitiophied Theie was a modeiate amount of cuihosis of the liver The 
bile duct was visualized in the gastrohepatic omentum passing fiom the poita 
hepatis to the duodenum Theie was some mciease of peiitoneal fluid The 
veins of the peiitoneum and the omentum weie gieatly enlaiged The 
spleen filled the left half of the abdomen It was lemoved without difficulty, 
and a blood tiansfusion of 150 cc given 

Pathologic Examination — The spleen showed “advanced chronic splenitis with en- 
darteritis and almost complete obliteration of arterioles kloderate obliterating thrombo- 
phlebitis Almost complete obliteration of splenic architecture It measures 145x110x56 
Mm The capsule is smooth, the notch prominent It is a mottled brownish-red, 
there are areas of dusky purple The pulp is firm and the splenic follicles are promi- 
nent , here and there are small pm point hemorrhages ” 

Subsequent Com sc — The patient’s convalescence was uneventful excepting that, by 
April 10, 1936, we were suspicious that he might be developing leukemia, because of a 
lymphadenopathy and a white cell count that reached 31,000 Howeier, with the aid of 
two more transfusions and some hypodermic injections of liver, he was discharged with 
a rather fair blood count — red blood cells 3,800,000, white blood cells 14,900, Hb 69 
per cent, thrombocytes 700,000 (Maj 3, 1936) 

Many blood counts were made during the following j-ear, which showed Aariations 
occurring mostly m the white cells The white blood cell counts were alwaAS above 
14,000 and on two occasions reached 26,000, with a drop m the neutrophils to 25 
per cent, an increase in the lymphoevies to 66 per cent and an increase of eosinophils to 
5 per cent The tlirombocvte counts were verj high, ranging from 500,000 to 800,000 
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The child was otherwise well, attended school regularly and played as other children 
until September 23, 1937 ) when he complained of great fatigue and nausea, and \omited 
a large amount of bright red blood He vomited blood again, September 25, 1937, and 
was readmitted to the hospital Examination showed the skm pale, there was restless- 
ness, and he was apparently very sick There was abdominal distention and tenderness 
in the upper abdomen Blood count red blood cells 750,000, Hb 22 per cent, white 
blood cells 27,500, neutrophils 77 per cent, lymphocytes 17 per cent, mononuclears 6 
per cent, marked anisoc}'tosis, many macrocytes and microcytes, some nucleated red 
blood cells and polychromasia Five transfusions, by the direct method, were given 

After the bleeding had been stopped for some time, a gastro-intestinal series “showed 
a large stomach with no filling defect, duodenal cap does not fill out well on the 
serial films Considerable amount of barium in the small bowel at the one-hour examina- 
tion, and a normal duodenal cap Small six-hour retention with normal duodenal cap ” 
Twenty-four-hour examination showed the barium m the cecum, transverse colon and 
sigmoid, which appeared stringy 

The greatest amount of free hydrochloric acid (5) was found in the second specimen 
The highest total acidity (26) was found in the fifth specimen Occult blood was weakly 
positive, negative for bile and starch The stool was strongly positive for blood Coagu- 
lation time was four minutes , bleeding time five minutes and venous clotting time six 
minutes 

His convalescence was fairly smooth, and he was discharged November ii, 1937 
Blood count red blood cells 3,005,000, Hb 42 per cent, white blood cells 16,700, throm- 
bocytes 198,000, reticulocyte count of less than i per cent 

Since his discharge he has steadily improved There has been no evidence of gastro- 
intestinal or other bleeding, and his blood count December 3, 1937, was red blood cells 
4,350,000, Hb 59 per cent, white blood cells 17,900, neutrophils 64 per cent, lymphocytes 
30 per cent, mononuclears 6 per cent, thrombocytes 920,000 On February 7, 1938, it 
showed red blood cells 3,950,000, Hb 63 per cent, white blood cells 10,100, polymorpho- 
nuclears 48, lymphocytes 37, mononuclears 12, eosinophils 2, basophils i per cent 

In conclusion, certain questions are raised for tvhich we have not the 
answers It is interesting, however, to speculate on them Are these complica- 
tions — the blood dyscrasia and the gasti o-mtestmal hemorihage — both the 
result of back pressure on the portal system, resulting from the atrophy of 
the right half of the liver and the fibrosis in the remaining part’ Has the 
back pressure produced changes m the normal physiology of the spleen, result- 
ing in alterations in function of the reticulo-endothelial system’ If this be 
so, does Banti's disease originate in the liver, and is it the result of changes m 
that organ produced by toxins, either infectious, metabolic or distuibed 
endocrine secretions ’ 

We have been inclined to believe the hemorihage originated in either 
varicose veins of the stomach or esophagus 
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Discussion — Dr Allen O Whipple (New York) Doctor Weeder 
has presented a most unusual and interesting patient First, the anomaly 
described is unique In Kehr’s^ Textbook on Biliary Surgery and Schach- 
ner’s^ article describing the collected anomalies of the gallbladder and ducts, 
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in which he summarizes Kehr’s studies, theie is no mention of a double 
common bile duct 

Schachnei collected 76 anomalies of the biliaiy tiact, of which 14, or iS 
pel cent, weie multiple Of these 76 cases, eight showed anomalies of the 
bile passages There were two cases of double cystic duct, five with anom- 
alous aiiangement of the hepatic duct, and one case of absence of the com- 
mon duct in an infant 

Theie is no doubt that far more of these anomalies are seen than those 
lepoited in the literature Eveiy suigeon of expeiience in biliary tiact sui- 
gery has seen them It is important to emphasize the point of adequate ex- 
posuie for visualization of the gallbladdei and gasti ohepatic omentum If 
an anomaly of the blood supply to the gallbladder is found, an anomaly in 
the duct aiiangement should be looked for and vice versa 

The second point, and to the speaker even more niteiestmg, is the sub- 
sequent histoiy of this case, with the development of a splenomegaly in the 
piesence of a ciirhosis with poital bed obstruction We have been gieatly 
interested in our Combined Spleen Clinic, at the Piesbyterian Hospital, 111 
the pathogenesis of splenomegaly In some patients, undoubtedly intiahepatic 
portal obstiuction lesults in a splenomegaly In other cases, with thiombo- 
phlebitis of the splenic 01 portal vein proximal to the livei, splenomegaly 
develops without liver changes In still others, portal bed irritation, as seen 
in schistosomiasis and in dogs following silica powdei injections of a poital 
ladical, splenomegaly is associated with ciirhosis In all of these seveial 
pathogeneses, the clinical picture is Band’s syndiome, t e , an anemia, a leuko- 
penia, a low platelet count and an enlarged spleen 
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Dr S Dana Weeder (closing) We diew the conclusions in the fiist 
papei on this subject that piobably there were more cases of double ducts in 
association with choledochus cyst, that a search should be made for a duct 
lunning thiough the gastrohepatic omentum, and if it be found and thought 
to be patulous, then lemoval of the choledochus cyst should be undei taken 
This would result 111 a loweimg of the present mortality of 28 per cent le- 
sulting from choledochocystoduodenostomy 
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The child was otherwise well, attended school regularly and played as other children 
until September 23, 1937, when he complained of great fatigue and nausea, and vomited 
a large amount of bright red blood He vomited blood again, September 25, 1937, and 
was readmitted to the hospital Examination showed the skm pale, there was restless- 
ness, and he was apparently very sick There was abdominal distention and tenderness 
in the upper abdomen Blood count red blood cells 750,000, Hb 22 per cent, white 
blood cells 27,500, neutrophils 77 per cent, lymphocytes 17 per cent, mononuclears 6 
per cent, marked amsocytosis, many macrocytes and microcytes, some nucleated red 
blood ceils and polychromasia Five transfusions, by the direct method, were given 

After the bleeding had been stopped for some time, a gastro-intestinal senes “showed 
a large stomach with no filling defect, duodenal cap does not fill out well on the 
serial films Considerable amount of barium in the small bowel at the one-hour examina- 
tion, and a normal duodenal cap Small six-hour retention with normal duodenal cap” 
Twenty-four-hour examination showed the barium in the cecum, transverse colon and 
sigmoid, which appeared stringy 

The greatest amount of free hydrochloric acid (5) was found in the second specimen 
The highest total acidity (26) was found m the fifth specimen Occult blood was weakly 
positive, negative for bile and starch The stool was strongly positive for blood Coagu- 
lation time was four minutes , bleeding time five minutes and venous clotting time six 
minutes 

His convalescence was fairly smooth, and he was discharged November ii, 1937 
Blood count red blood cells 3,005,000, Hb 42 per cent, white blood cells 16,700, throm- 
bocytes 198,000, reticulocyte count of less than i per cent 

Since his discharge he has steadily improved There has been no evidence of gastro- 
intestinal or other bleeding, and his blood count December 3, 1937, was red blood cells 
4)350,000, Hb 59 per cent, white blood cells 17,900, neutrophils 64 per cent, lymphocytes 
30 per cent, mononuclears 6 per cent, thrombocytes 920,000 On February 7, 1938, it 
showed red blood cells 3, 950,000, Hb 63 per cent, white blood cells 10,100, polymorpho- 
nuclears 48, lymphocytes 37, mononuclears 12, eosinophils 2, basophils i per cent 

In conclusion, certain questions aie raised for which we have not the 
answers It is interesting, however, to speculate on them Are these complica- 
tions — the blood dyscrasia and the gastro-mtestinal hemorrhage — ^both the 
lesult of back pressure on the poital system, resulting from the atiophy of 
the light half of the liver and the fibrosis in the lemaining part^ Has the 
back pressure pi oduced changes m the normal physiology of the spleen, result- 
ing in alterations in function of the reticulo-endothehal system^ If this be 
so, does Banti’s disease originate in the liver, and is it the 1 esult of changes in 
that organ produced by toxins, either infectious, metabolic or distuibed 
endocrine secretions^ 

We have been inclined to believe the hemorrhage oiiginated in either 
varicose veins of the stomach or esophagus 
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58 



■\ oliime 110 
dumber 1 


CHOLEDOCHUS CYST 


in which he summarizes Kehr’s studies, there is no mention of a double 
common bile duct 

Schachner collected 76 anomalies of the biliary tract, of which 14 or 18 
per cent, were multiple Of these 76 cases, eight showed anomalies of the 
bile passages There were two cases of double cystic duct, five A\ith anom- 
alous arrangement of the hepatic duct, and one case of absence of the com- 
mon duct in an infant 

There is no doubt that far more of these anomalies are seen than those 
lepoited in the literature Every surgeon of experience m biliary tract sur- 
gery has seen them It is important to emphasize the point of adequate ex- 
posure for visualization of the gallbladder and gastrohepatic omentum If 
an anomaly of the blood supply to the gallbladder is found, an anomaly in 
the duct arrangement should be looked for and vice versa 

The second point, and to the speaker even more interesting, is the sub- 
sequent history of this case, with the development of a splenomegaly in the 
presence of a cirrhosis with portal bed obstruction We have been greatly 
interested in our Combined Spleen Clinic, at the Presbyterian Hospital, in 
the pathogenesis of splenomegaly In some patients, undoubtedly intrahepatic 
portal obstiuction results in a splenomegaly In other cases, with thrombo- 
phlebitis of the splenic or portal vein proximal to the liver, splenomegaly 
develops without liver changes In still others, portal bed irritation, as seen 
in schistosomiasis and in dogs following silica powder injections of a portal 
radical, splenomegaly is associated with cirrhosis In all of these several 
pathogeneses, the clinical picture is Banti’s syndrome, 1 c , an anemia, a leuko- 
penia, a low platelet count and an enlarged spleen 
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Dr S Dana Weeder (closing) We drew the conclusions in the first 
paper on this subject that probably there were more cases of double ducts in 
association with choledochus cyst, that a search should be made for a duct 
running through the gastrohepatic omentum, and if it be found and thought 
to be patulous, then removal of the choledochus cyst should be undertaken 
This would result in a lowering of the present mortality of 28 per cent re- 
sulting from choledochocystoduodenostomy 
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DOUBLE GALLBLADDER WITH TWO CYSTIC DUCTS AND TWO 

CYSTIC ARTERIES 


Clyde L Wilson, M D 
JAMEsao^\^, N Y 

W^HiLE variation fiom the usual distribution of the biliaiy ducts is 
common, duplication of the gallbladder is relatively raie, occunmg about once 
in every 3,000 to 4,000 human beings A satisfactoiy einbiyologic explana- 
tion of these anomalies in man is difficult 01 impossible 

Boyden,^ in 1926, undeitook an investigation in older to ascertain the 
comparative and embiyologic background foi the compaiison of human 
anomalies of the bihar}^ system In his study of comparative anatomy, 10,000 
autopsies were perfoimed upon domestic animals (Table I) 

Table I 


STUD! or COMPARATIVE \NATOM\ OF 10,000 AUTOPSIES PER- 
FORMED UPON DOMESTIC ANIMALS SHOWING ANOMALIES OI 
THE GALLBLADDER 


Animals 

Number 

Anomalies 

Per Cent 

Cats 

2,568 

315 

12 0 

Calves 

2,555 

95 

3 5 

Sheep 

2,560 

30 

I 17 

Pigs 

2,572 

13 

5 


In man, however, Boydeii found that data legaiding gallbladder anomalies 
revealed a staitling infrequency Inqtmies sent to ir of the largest hospitals 
showed but one anomaly among 9,221 autopsies A lequest foi case lepoits 
from roentgenologists revealed only thiee anomalies Thus, 19,191 examina- 
tions showed only four anomalies Seal clung the hteratuie, he found 15 
case repoits of accessory gallbladders, to which he added five other instances 
which had not been reported, making a total, up to 1926, of 20 cases of 
double gallbladdei with two cystic ducts Of these cases, foui had separate 
ducts, which later united into a common canal before enteiing the common 
duct and nine cases could not be classified legarding the arrangement of the 
ducts Ihe lemaining three case lepoits weie of the bilobed gallbladder 
variety and weie (i) A di awing in Cruveilhier’s Anatomy, 1864, showing 
an anomaly but not accompanied by any histoiy, (2) a case leported by 
Deaver and Ashhurst, 1914, stating that the specimen was "bilobed ” one 
large lobe discoloied and gangienous and containing one calculus, the othei 
lobe normal, and (3) a case reported by Ullman, which had been diagnosed 
by cholecystography, but which on exploratory opeiation failed to reveal 
more than one cystic duct Theiefoie, from 1674 to 1926 repoits of only 20 
cases of double gallbladdei aie to be found in the liteiatuie 
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Slaughtei and Tiout,"’ in 1933, leviewed the liteiatuie in an abbieviated 
mannei , including Boyden’s ai tide, and found 1 1 otbei case 1 epoi ts of double 
gallbladdei and added a case of then oAvn This was of a female, age 32, 
who, at opei ation, was found to have the cystic duct adhei ent to the duodenum 
The gallbladdei contained no calculi Aftei lemoval of the gallbladdei, a 
second gallbladdei, 5x1 cm in diametei, was found m the livei substance 
with a sepal ate duct leading fiom it This second gallbladdei appealed 
atiophic but was othenMse 1101 mal, it was, theiefoie, not lemoved Later 
the patient was given dye but the lemaming gallbladdei could not be visualized 

This list of 12 cases, in addition to the 20 cases lepoited by Boyden, made 
32 cases of anomalies of the gallbladdei lepoited up to Maich, 1933 The 
entile senes of cases lepoited by Slaughtei and Tiout was composed of 
double gallbladdei s 

Weiss,® in 1935, lepoited thiee cases of double gallbladdei diagnosed by 
cholecystogiaphy, two with calculi He pointed out that in oidei to be in- 
cluded undei the classification of double gallbladdei, each gallbladdei should 
have its own cystic duct, thus dififei entiatmg it fiom the bifid gallbladdei, m 
which the cavities aie distinctly sepaiate but communicate with the common 
duct through a single cystic duct He modified Boyden’s classification of 
the abeiiant hepatic vesicles, and placed them into the following foui gioups 

(1) Ductulai — Deiived fiom supei numei ai y vesicles fiom either the 
hepatic, cystic, 01 common bile ducts Two cavities aie piesent, each having 
Its own cystic duct This type is found chiefly in man but is piesent also 
m cats 

(2) Bilobed — Foimed by initial subdivision of the piimitive gallbladdei 
bud Two cavities communicate vith the common bile duct thiough a single 
cystic duct This type is found chiefly in cats but is also found in man 

(3) Divei tictilaj — Resulting fiom peisistence of cavities and septa m the 
gallbladdei bud One laige cavity, communicating with one 01 moie smallei 
cavities, found chiefly in ungulates 

(4) Tiaheciilm — A vesiculai outgiowth of livei tiabeculae, common m 
cattle and sheep, but of doubtful occuiience 111 humans 

Gloss,® 111 1936, leviewed the hteiatuie and found 147 cases of congenital 
anomalies of the gallbladdei and lepoited a case of double gallbladdei found 
at the autopsy of a child, age thiee yeais and thiee months At no time during 
the patient’s life had theie been symptoms of disease of the bihaiy tract One 
of the accessoiy gallbladdei s vas found in the substance of the livei and its 
duct communicated with the midpoition of the mam hepatic duct The other, 
or piimaiy gallbladdei, was on the undei sui face of the liver and its duct 
enteied the common duct at the junction of the hepatic and common ducts 
Both cystic ducts weie piesent 

Theiefoie, with the 20 cases of double gallbladdei lepoited bv Bo}den, 
the 12 lepoited by Slaughtei and Tiout, the three lepoited by Weiss, and 
one by Gioss, theie had been 36 cases repoited up to Januar}, 1936 

A case of double gallbladdei nith two cjstic ducts, found at operation, 
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IS herewith piesented It is interesting not only because of the anomaly, but 
because of the several types of gallbladder disease piesent m the specimen 
removed 

Case Report — Hosp No 17525 B W, white, female, married, age 55, was ad- 
mitted to the Jamestown General Hospital, December 14, 1936, complaining of severe 
epigastric pain associated with nausea and vomiting She stated that about 2 a m she was 
awakened by severe epigastric cramp-like pain radiating to between the scapulae and 
associated with nausea and vomiting Since its onset, the pain had gotten steadily worse 
and was not relieved by a hypodermic of morphine She had had repeated attacks of 
similar pain, although not so severe, during the past 20 years During the past year, 

Tig I Tig 2 



Fig I — Photograph of the unopened specimen Wooden probes m cystic ducts 
Fig 2 — Photograph of the open specimen, with lettering corresponding to Figure 3 (3) Empyema 

cavity, (b) cavity containing five gallstones, (c) “strawberry” gallbladder, (d) thick septum of 
fibrous tissue separating empyema cavity (a) from cavity containing gallstones (b) , (e) cystic ducts 
The pale, smooth lining of cavities (a) and (b) shows the effect of the chronic inflammation, and 
their thick, edematous walls is evidence of the acute inflammation 

these attacks had become more frequent and more severe The last one, two months 
previous to admission, lasted four days, during which she was treated with morphine 
She had never been jaundiced She had noticed that fatty or greasy foods caused her 
indigestion 

Except for repeated attacks of epigastric pain her past history was irrelevant She 
had had six pregnancies, none of which was associated with pain similar to that of her 
present illness She had gamed 25 pounds in weight during the past year and had 
noticed some shortness of breath on exertion and swelling of the ankles 

Physical Examination revealed an acutely ill, very cooperative, short, obese, white 
female, five feet, four inches tall, weighing 214 pounds Temperature 982° F , pulse 82, 
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blood pressure 150/82 There was no jaundice The abdomen was thick-walled and 
pendulous There was muscle spasm and acute tenderness to piessure just to the right 
of the midepigastrium No masses were palpated 

Lahoiatoiy Data — Urine clear, straw colored, sp gi 1,020, very faint trace of 
albumin, sugar negative , microscopic examination showed few pus cells W B C , 
16,400, polymorphonuclears, 85 per cent, Ij'mphocjdes, 10 per cent, large mononuclears, 
5 per cent Chmcal Diagnosis — Acute cholecystitis and obesity 

The patient was given 1,000 cc of 5 per cent glucose by hypodermoclysis and mor- 
phine to control the pain The following day, 36 hours after the onset of the attack of 
pain, she was opeiated upon 



Fig 3 — Diagnranntic drawing of specimen removed (a) 

Empyema cavity, (b) acutely inflamed cavity containing gallstones, 
coriesponding to the pouch of Hartmann, (c) second gallbladder, 
separated from the first by a common wall, seat of cholesterosis, 

(d) septum of chronic inflammatory tissue separating empyema 
cavity (a) from acutelv inflamed caaity containing stones (b) , 

(e) cystic ducts, (f) cystic arteries 

Opciatioii and Opeiatwc Pathology — Doctor Wilson Under nitrous o\Klc-ethcr 
anesthesia the abdomen was opened through a right transverse subcostal incision On 
opening the peritoneal cavity a large gallbladder presented itself, resembling a marked!} 
dilated and thickened small intestine in color and appearance Tlie omentum was ad- 
herent to the anterior surface The portion nearest the duodenum vas acutel} inflamed 
and the entire gallbladder was thickened The pouch of Hartmann resembled, and vas 
about the size of the average gallbladder 

Dissection was started from above downward, stripping the gall bladder from the 
liver bed, leaving enough pentoneum to cover the raw surface Leading into the gall- 
bladder below^ the pouch of Hartmann w^as a cjstic duct, accompanied b\ a c\stic arttr\ 
A stone w’as impacted in this c\stic duct, this w’as milked into the gallbladder and the 
duct and aitery w'ere clamped, divided, and ligated separatel} On dissecting back along 
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Fig 4 — Photomicrograph of section taken from empyema cavity (Figs aa and 3a) showing 
obliteration of glandular mucosa together with a marked inflammatory reaction 111 siihcutaneous area 
Fig 5 — Photomicrograph of section taken from the acutel> iiifiamed cavity (Figs ab and 3b) 
showing acute inflammation in the submucous area extending vlown into the muscle 


Fig 6 


Fig 7 



Fig 6 — Photomicrograph of section taken from cavity (Figs ac and 3c) showing pioliferation of 
glands showing papillomatous growth Grossly the mucosa was covered by deposits of cholesterol 
giving It the appearance of a typical ‘strawberry’ gallbladder 

Tig 7 — Photomicrograph showing levikocytic infiltration of the muscular coat 
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the common duct toward the liver, a second C3'stic duct and artery were disco\eicd, 
about 2 5 cm from the first one This duct was normal in appearance and size It, and 
the accompanying artery, were separately clamped, divided, and ligated, aftei which 
the gallbladder was removed There was a large acutely inflamed Ijmph node at the 
junction of the second cystic duct with the common duct Peritoneum was sutured o\cr 
the raw liver bed, a cigaiette dram was placed to the foramen of Winslow, and the 
incision was closed in layers about it, and a small rubbei tissue drain introduced into the 
median angle of the incision 

Pathologic Examination — Gioss On opening the gallbladder it w'as found to be 
divided by a longitudinal septum into twm distinct cavities, with the septum as a common 
wall for each organ, each cavity having a separate duct and artery supply 

The part of the gallbladdei corresponding to the pouch of Hartmann (Figs 2b and 
3b ) contained five facetted calcium-bilirubm calculi varying in size from 07 to i cm in 
diameter This cavity contained about 30 cc of black bile, in which w'ere flecks of pus, 
it was supplied by a cystic duct and accompanying artery Separating this cavity from 
a similar one (Figs 2a and 3a) was a septum of tough fibrous tissue (Figs 2d and 3d) 
This second cavity contained about 30 cc of thick, gray pus and its w'alls w'eie thickened 
and inflamed The cystic duct nearest to the liver led into a thud cavity (Figs 2c and 
3c) separated from the distal side by a common w'all Its w'alls w'ere moderately thick- 
ened, though not nearly as much as those of the other two cavities It had a bluish-gray 
appeal ance from the outside About 40 cc of thick, black bile w'as removed On the 
soft mucosal surface there were areas of cholesterol deposits which gave this part of the 
gallbladder a typical “strawberry” appeal ance The specimen measured I17 by 48 cm 
m diameter The entire gross specimen was sent to the State Institute for the Study 
of Malignant Disease, Buffalo, N Y , for microscopic examination 

Mici oscoptc Examination — Dr A A Thibideau “Sections of the gallbladder wall 
taken at various areas show an acute inflammatory leaction extending tliroughout the 
wall In some areas there is a marked papillary proliferation of the glandular epithelium 
lining the gallbladder There is some question as to the presence of malignant changes m 
these areas as the proliferation extends into the lumen of the gallbladder and apparently 
does not invade the gallbladder wall pioper Pathologic Diagnosis — Acute cholecj stitis 
and papilloma of the gallbladder ” 

Postopeiatwc Coiiise — The patient made an uneventful recovery from the operation 
At no time w'as hei temperature above 100° F She w'as discharged on the fifteenth dav 
postoperative 

Comment — It is to be regretted that no i oentgenologic examination of 
this double gallbladdei was made The patient had not been seen by the 
authoi befoie the last attack of pain foi which she sought lelief, and no 
loentgenogiams had been taken piior to that attack It is the authoi s 
‘ practice to tieat acute cholecystitis by eaily operation, believing that such a 
procedure avoids much suffering, prevents liver damage, and is less dangerous 
Ceitainly, the patient is better off following an opeiation wdiich is preceded 
by only a shoit peiiod of illness, of a few hours’ duration, than she would be 
if forced thiough a period of fever, pain, nausea, vomiting, wuth lestiicted 
food intake and the other discomforts of “the cooling oft” piocess 

SUMM \RY 

(i) A biief review^ of the literature on double gallbladdei is piescnted 
there having been 36 cases lepoited up to the present time, indicating the 
laiity of this anomaly in man 
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(2) A case of double gallbladdei witb two cystic ducts and two cystic 
aitenes is presented The gross pathologic examination shows the five stages 
of gallbladder disease (i) Acute cholecystitis, (2) chionic cholecystitis, 
(3) cholelithiasis, (4) cholesterosis , and (5) empyema The micioscopic 
examination showed, m addition, a papilloma of the gallbladdei 
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Following cholecystectomy m some instances, symptoms develop which 
aie lefeiable to paitial obstinction of the common duct, either by a calculus 
ovei looked at the time of opeiation oi by a mucous plug, blood clot oi in- 
spissated bile In the past it has been necessaiy on many occasions to re- 
opeiate upon the patient to leheve such an obstiuction, but dm mg the last i8 
months, ue have been cairymg out studies on the cholangiographic demon- 
stiation of such obstiucting agents and a nonoperative method of removing 
them 

Fundamentally, the method we have used consists in increasing the pies- 
suie behind the foieign body and lelaxmg the sphincter area m front of it, 
theieby peimittmg the object to pass out of the duct and into the duodenum, 
unless It IS a stone of too laige a cahbei Theie are two methods of increas- 
ing the pressuie behind the obstructing agent One, depends upon the pres- 
ence of a T-tube oi cathetei m the common duct and consists in inigating 
the duct with steiile noimal saline or othei solutions, using a syiinge to m- 
ciease the pressuie The othei method depends upon an inci eased flow of 
bile at an inci eased pressuie in response to a choleretic drug such as dehydio- 
chohc acid 

The latter method has the distinct advantage that a fistula oi di ainage tube 
IS not necessary, and it may, theiefoie, not only be applied as a theiapeutic 
measure in all cases postopei atively, but may be used as an added step in the 
loutine nonopeiative management of gallbladdei disease By emplo}ing de- 
hydiocholic acid, the piessuie may be exerted more or less continuously over 
a given period and at any momentary lelaxation of the sphincter, auto- 
nomically or thiough the use of dings, the foieign body may escape fiom 
the duct 

Oddi,^'^ 111 1894, attempted to discovei what piessure the sphinctei might 
withstand without lelaxing or “breaking” open He found this to be 675 Mm 
of watei Heidenham and Friedlandei disputed his finding and describe a 
pressure of 200 Mm In 1926, Potter and Mann^® summarized the obseiva- 
tions of many woikeis on the piessuie withstood by the sphincter of Oddi 
111 various animals (Table I) The aveiage piessuie found by these workers 
seems to lest between 100 and 150 Mm of vatei It is difficult to correlate 
Oddi’s finding with those of the othei authois 

Kostei and Shapiio,^^ in 1936, devised a nianonieter to determine the pres- 
sure withstood by the sphinctei of Oddi, which they found to be 230 Mm of 
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watei Then base line was determined by actually ineasuiing the depth of 
the common duct below the skin suiface 


Table I 

SUMMARY or OBSERVATIONS ON BILIARY PRESSURE 
{Potter and Mann^^) 


Observer 

Animal 

Pressure in 
Millimeters 

Oddi 

Dog 

675 

Archibald 

Dog 

180-330 

Judd and Mann 

Dog 

i 00-150 

Mann 

Cat, dog, goat, rab- 



bit, guinea-pig 

75-100 


Gopher rat 

30 

Jacobson and Gy desen 

Dog 

150 

McWhorter 

Dog 

100-200 

Cole 

Dog 

150 

Winkelstein and Aschner 

Dog 

60- 65 


Mann^^ was cuiious as to what lelationship might exist between the pies- 
ence oi absence of a gallbladdei and the sphinctei tone He, therefoie, made 
a senes of piessure studies in animals normally having a gallbladdei and 
anothei senes in animals normally lacking this organ In the foimei group, 
fell the dog, cat, goat, labbit, stuped gophei and guinea-pig The sphinctei 
resistance in these animals was found to average lOO Mm of water In the 
second senes only one animal was used, the gopher lat Its lesistance was 
found to be 30 Mm at the maximum 

Following these studies on the normal piessuie lequired to oveicome the 
tone of the sphinctei of Oddi, it developed, natuially, that studies concerning 
the effect of diugs, foods, and other agents upon the sphincter would be 
undei taken 

Lueth,^^ in 1931, studied the effect of duodenal penstalsis upon the sphinc- 
ter “break” piessuie He found that pilocaipine, which caused hypertonus 
in the duodenum, inteifeied with relaxation of the sphinctei and bi ought 
about an inciease in the “break” piessure fiom 20 to 60 Mm of watei He 
also noted an influx of bile into the duodenum during its lelaxation which 
ceased with active peristalsis 

Pottei and Mann,^® in 1926, found the average duct pressure 111 the dog 
to be 120 Mm of water They noted that fasting bi ought about a 1 eduction 
in this piessure and that milk caused a maiked rise They also commented 
on the fact that cholecystectomy produced an increase in the common duct 
piessure to 235 Mm, whereas, Judd and Mann® had previously stated, in 
1917, that aftei cholecystectomy the sphincter of Oddi did not have a pres- 
sure resistance as high as that pievious to opeiation 

Elman and McMastei,® in 1926, claimed to have demonstrated that fast- 
ing caused greatei lesistance to the flow of bile into the intestine, while feed- 
mo- lesulted in loweied lesistance to this flow They determined biliary pres- 
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sines foul to six houis aftei feedings and detei mined lOO to 120 Mm of water 
to be the 1101 mal lange, while aftei fasting, the pressme would lange between 
150 and 250 Mm Aftei a meal, piessuie often reached as low as 50 Mm 
The)^ noted that even the smell of food lowered the lesistance to biliaiy flow 
Twenty to 25 minutes aftei a meal, they obseived a “secondaiy mciease^'’ in 
lesistance to bile flow 

McGowan, Butsch and Walteis,^^ in 1936, studied the effect of different 
diugs upon the sphincter of Oddi and the lesultant changes m biliaiy pies- 
suie, noting the onset of pain on one occa- 
sion nith a watei column 160 Mm above 
the skin surface They found that after ad- 
ministering moiphme the piessuie lose f 10111 
200 to 350 Mill of watei and that amyl 
nitrite caused complete disappeaiance of the 
piessuie and lelief fiom pam 

Best and Hicken,- 111 1935, although not 
measuiiiig the piessuie within the coniiiion 
duct duiing their cholangiogiaphic studies 
on spasm of the sphmctei , assumed and 
stated that the pam was due to the increased 
ductal piessuie occasioned by the spastic 
occlusion of the lower end of the common 
duct They pi esented cholangiograms show- 
ing relaxation of the spastic sphincter fol- 
lowing admmistiation of i/ioo Gi of nitro- 
glycerin beneath the tongue 

Koster and Shapiro^^ ciiticized the readings of McGowan, because the 
base line used was the skin surface, but so long as the same base line was 
used each time, the relative change in pressure would be significant 

Doubilet and Colp,^ in 1937, stated that, in the absence of the gallbladder, 
meals have no effect upon sphincter tone They found, howevei, that duo- 
denal lavage, using a solution of magnesium sulfate, pioduced a lelaxation of 
the sphincter Hydrochloric acid placed m the duodenum caused a spasm 
of the sphmctei which could be lelieved with atropine Moiphme, however, 
produced a spasm of the sphmctei which persisted ovei three hours and was 
not relieved by atropine This appears logical when one consideis the phauna- 
cologic action of atropine, which causes paralysis of the paras)anpathetic nerve 
endings, and that morphine directly stimulates the smooth muscle 

Elman and McMaster”^ found that the secretoiy piessure of the liver is a 
rather definite entity, above which biliaiy secietion stops Heinng and 
Simpson,® m 1907, noted the average maximum bile piessuie m the dog, cat 
and monkey as 300 Mm The highest they recorded was 373 Mm m a cat 
Similarly, McMaster, Blown and Rous,^® m 1923’, stated that bile ceased to be 
secreted when the duct pressuie reached 350 Mm of bile 

It might be well at this time to clarify the teims “secretoiy pressure of the 
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liver,” the so-called “normal common duct piessure” and the “break pres- 
sure” of the sphincter area We feel, after reviewing the obseivations of 
othei s, that the seci etoi y pi essure varies between 200 and 300 Mm of water 
The pressuie within the common duct must necessarily vaiy with and be 
dependent upon the amount of bile secieted into the duct with a given liver 
secietory pressure This, m turn, must be dependent upon the resistance en- 
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Chart i — Case i AS, female age 58 entered the hospital August 28 1937, complaining of 

recurrent RUQ pun radiating to the right shoulder blade of 16 years duration These attacks were 
associated with rather severe indigestion and vomiting Nineteen years previous to admission she had 
had a cholecystostomy after an attack of RUQ pain with jaundice Graham Cole studies showed 
marked impairment of gallbladder function with lithiasis Cholecystectomy and choledochostomy with 
T tube in the common duct were performed September 22 1937 The postoperative cholangiograra 

was negative Pressure readings were m ide over a period of three weeks and typical readings are 
recorded on Chart 1 The control readings varied between 50 and 55 Mm of water After adminis 
tration of dehydrocholic acid for several days the level of intraductal pressure was found to vary 
between 70 and 100 Mm of vv iter After discontinuing the drug for three days the pressure dropped 
even to below that of the first control period Intravenous injection of sodium dehydrocholate resulted 
in a sudden rise of the pressure to 120 Jim , but this exceedingly high pressure was not sustained 


countered at the point of outlet of the bile, which is the sphincter aiea The 
pressure within the duct will build up with the increase m resistance at the 
sphinctei area The sphinctei “bieaking piessure” is that reading where the 
sphincter gives way to the bile pressure behind it Various pathologic changes 
or physiologic disturbances may affect the state of tonus of the sphincter 
Herring and Simpson® also related that the intravenous injection of bile 
was invariably attended by increased secretion of bile They found that an 
increase in biliary piessure followed unless the pressure at the time of in- 
jection was high The}^ concluded, therefoie, that a rapid rate of secretion is 
not essential to the production of a high piessure but that it influences the 
form of the pressure curve 
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Neubauei/*’ in 1923, injected 3 cc of 4 per cent sodium dehydi ocholate 
into the vein of a labbit and found that the piessure inci eased nearly 20 Mm 
within a very few minutes aftei the injection 

Adleisburg and Neubauei/ in 1926, attempted to bring about an m- 
ci eased excietion of foieign substance through the liver by means of sodium 
dehydi ocholate They found that no increase occuried m the amount of 
tetiachlorophenolphthalem excieted by the normal livei or by one whose func- 
tion was deianged following mtiavenous administration of sodium dehy- 
drocholate 



Chart 2 — Case 2 E R female, age 22, enteied the hospital December 12, 1937, with the 
history of severe lecurrent gallbladder attacks for the past year, requiring hypodermics No history 
of jaundice Physical examination revealed extreme tenderness over the gallbladdei Roentgenograms 
demonstrated cholelithiasis Cliolecj stectomy and choledochostomy were performed December 21, 1937, 
and thiee stones were removed fiom the common duct A T tube was placed in the duct The post’ 
operative cholangiogram, on the eighth day, showed a normal duct with no filling defect Pressure 
readings were repeated over a period of time and the control readings varied between 70 and 90 Mm 
of watei Following administration of dehydrocholic acid for 24 hours, the pressuie level was con 
siderably higher, varying between 160 and 130 Mm After discontinuing the dehydrochlolic acid for 
iS houis, 10 cc of a 20 per cent solution of sodium dehydrocholate weie given intravenously An im 
mediate rise m the pressuie to 125 Mm followed, but was not long sustained 


Wakefield, Powelson and McVicai,-- m 1929, found sodium dehydro- 
cholate (decholm) to cause an increased flow of bile in patients who had T- 
tubes 111 then common ducts following cholecystectomy This occurred m 
18 out of 20 patients studied They attiibuted the inciease to a dilution 
of the constituents noimally piesent 

Sternei, Bartle and Lyon,-^ in 1931, analyzed somewhat similar studies 
which they earned out on 21 patients They found an aveiage bile flow of 
80 cc pel lo-minute peiiod in the series of control leadings taken After 
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giving 10 cc of 20 pei cent solution of decholin inti avenonsly, there was an 
inciease in this aveiage to 134 cc pei lo-miniite peiiod 

Regan and Hoiiall/^ in 1932, demonstiated in dogs that the intiavenous 
injection of 2 Gm of sodium dehydi ocholate iiici eased the flow fiom a hihaiy 
fistula within one minute This effect peisisted ovei periods which vaiied 
fiom two to five houis By using a common duct manometei, they found that 
bile piessuie was also inci eased fiom a pievious aveiage of 341 Mm to an 
aveiage of 385 Mm following the injection 
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50 MIN 

periods 

Chart 3 — Ctsc 3 S L , female, age 53, entered the hospital with the complaint of recurrent 
attacks of R U Q pain for the past seven months, one being accompanied by jaundice She suffered 
bloating and distress in the epigastiium only with the attacks of pain Laboratory data were negatne 
except for icteiic index of 12 Cholecystectomy and choledochostoniy were performed December 15 
1937, and a T tube was placed 111 the common duct A cholangiograin December 24, 1937, showed 
some apparent obstruction in the common duct The T tube was remoied Januari 10, 1938, and 
drainage ceased January 13, 1938 The control readings, December 23, 1937, varied between 80 and 
90 him of water, and the “break” piessure was recorded at i6o Mm On the following day, another 
control reading was made, revealing the intraductal pressure to be 300 Mm of water, and as long as 
the tube was closed off the patient had severe pain in the R U Q , radiating into the back This was 
relieved by placing i/ioo Gr of nitroglycerin under the tongue and the pressure dropped to 205 Mm 
The common duct was irrigated for several days and by January 2 1938, the pressure had dropped 

back to between 80 and too Mm A cholangiogram the following day, showed no obstructing agent 
Dehydrocholic acid was then given for three days and intraductal pressure readings rose to between 
85 and 140 Mm of water A cholangiogram, January 7 1938, again revealed no obstructing agent 

Reinhold and Wilson-'’ studied the mannei m which dehydi ochohe acid 
pioduced its "stiikmg choleietic action ’ They concluded that this effect was 
accomplished piimaiily by augmented excietion of watei, probably associated 
with rapid exci etion of the dehydi ocholic acid itself 

Thus, we found a vaiiety of basic expeiiments which seived to guide our 
study towai d dehydrocholic acid and its sodium salt as a cholei etic and “chole- 
piessor,” m our attempt to evolve a method of mci easing biliary piesstire in 
01 del to flush debi is f i om the common duct 
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Technic — Each patient studied m oui senes was convalescing fiom chole- 
cystectomy and choledochostomy At the time of opeiation a T-tube had been 
caiefully placed into the common duct and bi ought out thiough a sepaiate 
lateial stab wound in eveiy case, and a delayed cholangiogiam had been made 
between the seventh and tenth postopeiative days, to investigate the status of 
the common duct and the sphincter Most patients weie on the geneial waid 
diet dm mg the couise of the studies but leadings weie made at the same time 
of day, insofar as possible 
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Chart 4 — Case 4 R H, female, age 52, was admitted to the hospital September i, 1937, com 
plaining of recurrent attacks of R U Q pain, radiating to the back over a 10 jear period Late attacks 
had been associated with chills and followed by fever She had not been definitely jaundiced but stools 
were light in color and the urine dark She had some pruritus, and had indigestion between attacks 
The icteiic index was 21 Roentgenologic examination did not visualize the gallbladder or calculi 
Cholecj stectomy and choledochostomy were performed September 22, 1937 Postopeiative intraductal 
piessure readings were taken during a period of eight days and the reading, October ti, 1937, is quite 
typical of the contiol readings On October 14, 1937, R shows the increase in intraductal pressure 
after administration of 11^1 Gr of dehjdrocholic acid q i d for three dajs On the following day, 
although still on dehydrocholic acid, the general level of the intraductal pressure was lower, but was 
still a little higher than that during the control period This drop in the intraductal pressure after 
three to five days’ administration of dehydrocholic acid has occurred rather frequently and is somewhat 
difficult to interpret, but we are inclined to believe that the increased bile flow may, by increase of 
piessure, have exhausted the sphincter, or a natural relaxation of the sphincter may follow the admin 
istratioii of this drug ovei a period of time The bile output, as we interpret the work of other iiives 
tigators, does not show a comparative drop 


The maiiometiic equipment consisted of a glass reseivoir connected to a 
glass T-tube, which in turn was connected by one aim to a glass manometer 
and by the othei to a lubber tube which linked the appaiatus to the patient’s 
T-tube The manometei was a straight piece of glass tubing of 2 Mm boie 
with a centimetei scale beside it (Fig i) 

Befoie cai lying out each experiment, the entire apparatus vas steiilized 
and aseptic technic was caiefully followed duimg the piocedure The reservoii 
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was filled with sterile noimal saline solution warmed to body tempeiatuie and 
the entile system caiefully freed of air bubbles Aftei connecting the appara- 
tus with the patient, the zeio point of the manonietei was adjusted to the 
appaient level of the common bile duct The leservoii was then laised slowly 
until the solution began to flow fieely into the biliaiy tiact and the pressure 
at this point was noted This we teimed the sphmctei “break” piessure 
When this reading was determined, the reseivon was loweied until the 
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Chart 5 — Case 5 A P fermle, age 58 entered the hospital August 24, 1937> avith the historj 
of four attacks of serere RU Q pain, radiating to the hack during the last 10 jears These were 
followed by icterus and pruritus The last attack occurred one month before admission and was 
associated with chills, fever dark urine and clay colored stools She had been constipated for years 
Her icteric index on admission was 9 Cholecj stogram revealed faint concentration of dje suggests e 
of mild cholecj stitis Cholecystectomy and choledochostoniy were performed September 4, 1937 A 
cholangiogram two weeks later showed all ducts clear The control intraductal pressure readings were 
taken on several occasions and were found to vary between 80 and 90 Mm of water The control 
leading of September 20 1937 is charted She was given iit/4 Gr of dehydrocholic acid t 1 d, begin 
ning the morning of September 21 1937 and the reading for that afttrnoon is charted The general 
level of intraductal pressure is higher The evening meal consisting of corn beef hash, cole slaw and 
chocolate pudding, was served at 5 p M and was followed by an immediate rise in intraductal pressure 
This has been interpreted as spasm of the sphincter possibly caused by the rather coarse diet particu 
larly the salad On September 22 1937, the general level of the pressure is higher and here again 

a rapid rise occurs at mealtime after the ingestion of scalloped corn bacon mixed fruit salad and burnt 
sugar cake On September 28 1937 after hiving had no dehjdrocholic acid for two davs, we find the 
intraductal pressure again between 80 and 90 Mm of water This phenomenon may be the dramatic 
representation of what occurs in biliary tract disease, and may explain the distress at mealtimes upon 
the ingestion of certain foods 


manometer lead zeio and at that point the reservou was clamped off fiom the 
1 est of the system Usually a slow i ise of the manometer occurred to indicate 
the pressure within the ductal system It is this pressuie in which we have 
been most interested 

All oui readings were taken with the patients supine, and the subjects were 
all sufficiently cooperative to he quietly during the course of the studies 
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Fig 2 — (A) In this lustince, the I)ilnr\ fistiih would not close and i chohngiograni levealed 
a filling defect at the lower end of the comn on duct (B) After the described treatment, no foieign 
bodi was visible on the checkup cholangiograni and the fistula closed in three dajs 



Fig 3 — (A) Postopeiative cholangiograni revealed a stone remaining in the lower end of the 
common duct (B) Aftei several couises of treatment, cholangiograni shows that the stone has 
been dislodged from the common duct 
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Nothing was given by mouth dining the time the appaiatus was in use except 
as IS indicated m oui lesults The curves represent the t3^pical leadings of a 
paiticulai patient as lecoided ovei a number of hours on a given day The 
watei 111 the manometers would immediately seek a level, which indicated the 
piessure within the ductal system and which was followed foi varying periods 
of time 



Chart 6 — Case 6 Mrs T, age 40 Although the patient was given dehydrocholic acid, no in 
crease in intraductal pressure occurred A cholangiogram revealed an atonic sphincter of Oddi, which 
permitted very free egress of all the contrast medium into the duodenum After intravenous admin 
istiation of sodium dehydrochoHte, the intraductal pressure increased somewhat 


Intel pi etation — The accompanying charts reveal the pressure within the 
common duct following cholecystectomy and choledochostomy Of course, the 
pressure might be altei ed slightly by the presence of the T-tube within the duct, 
but some unnatuial condition is necessary foi the lecording of the pressuie, 
and all changes may be consideied lelative The common duct piessure in the 
cases reported, as well as in some others not reported in this senes, has been 
found to vary between 50 and 125 Mm of water This rather wide variance 
would seem natuial in view of the mechanics and physiology of digestion in 
different individuals and also at different times in the same individual The 
liver secietory pressuie, the amount of bile arising at the source in the liver, 
the inhibitoi y forces that might be present at the outlet of the bile tubal system, 
are all factors which will alter the pressure within the duct Obstructing 
agents within the duct may cause the pressui e to vary as exemplified by Case 3 
A choleietic diug, such as decholm 01 procholon, the commercial pioducts of 
dehydrocholic acid, may alter conditions at the bile source through stimulation 
of the secretoiy cells of the liver, as proved by various investigators previously 
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mentioned The giaphs of the five cases piesented in this study show that 
the stimulation is usually accompanied by a definite increase of intraductal 
piessuie, vaiying between 25 and 75 Mm of water, when the diug is given 
orally 

We have obseived in giving the diug ovei a peiiod of thiee to five days, 
that the intiaductal piessiue not infiequently 1 etui ns to a level rather close to 
the contiol peiiod This is illustiated in Case 4, and it may be due to lowei- 
ing of the “bleak” pressuie at the lower end of the common duct by the unusual 
intraductal pressure or by diiect effect of the drug upon the choledochal 



A B 


Fig 4 — (A) The postoperative cholangiogram reveals multiple stones in the common duct, al 
though none had been found at operation These probably came from the higher levels of the 
hepatic ducts (B) After two courses of the described treatment, the cholangiogram reveals no 
remaining stones Eleven stones were removed from the stools during the period of treatment 

Sphincter aiea Reference to the investigations of others does not reveal a 
corresponding di op m the amount of bile fluid at this pei lod In cases whei e 
the dehydi ochohc acid is withdrawn for some days and then is administered 
again, the expected mciease m pressuie usually occurs, but it usually does not 
leach the height attained aftei the first administration of the drug When the 
dehydi ochohc acid is discontinued, the ductal piessure usually returns to the 
contiol level (Cases i and 5) 

Intravenous administration of the sodium salt of dehydi ochohc acid 
(dechohn sodium) lesults in an immediate increase of the intraductal pres- 
suie, usually sustained for only 10 to 30 minutes, aftei which it diops back to 
the control level (Cases i and 2) However, m most instances it rises 25 to 
50 Mm of watei highei than when the diug is given by mouth, as exemplified 
in Case i One can well say the use is sudden and dramatic 
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In Case 3, laising of the piessme was brought about by a paitial obstiuc- 
tion, pi obably a mucous plug, at the lowei end of the common duct This was 
levealed by the cholangiogi am and the effect of nitioglyceim m lelaxing the 
sphinctei aiea and paitially lehevmg the obstiuction was also well demon- 
sti ated 

Oui findings do not permit us to agree with Elman and McMaster,** ’’ who 
state that, in general, feeding lowei s the lesistance to bile flow, which may be 
inteipieted as lesulting 111 a lowered intiaductal piessuie, as in Case 5 of our 
senes the taking of food lesulted in an immediate rise of the intraductal pres- 
suie We also believe that the type of food is most important A lough diet 
would probably cause nutation of the sphinctei aiea, while a soft, smooth diet 
would necessarily be less distiiibing Likewise, a fat leaching this aiea 
would pi obably tend to deciease the pressuie by lelaxmg the sphincter mus- 
culatuie The tune element leads one to believe that the piessuie increase 
following food intake lesults fiom closuie 01 tightening of the sphincter area 
at the lower end of the common duct Howevei , these authors mention a sec- 
ondaiy inciease in lesistance to bile flow occuiiing some 20 to 25 minutes 
aftei a meal, and since oui leadings showed that the maximum piessure Avas 
attained about 15 minutes aftei the meal, oui findings may be considered 
similai This rise in piessuie, due appaiently to changes 111 the sphincter area, 
may be the distuibmg phenomenon that gives use to distiess in biliaiy tract 
disease, 01 m the patient fiom ivhom the gallbladdei has been removed, it may 
be the cause of the postcholecystectomy syndi ome 

Cluucal Application — As stated in the introductory paiagiaph of this 
paper, oui expei lences with cholangiogi aphy have definitely pi oved to us that 
stones aie not mfiequently left rvithin the common duct or aie ivashed down 
f 1 om the livei into the common duct later , that plugs of mucous 01 inspissated 
bile not infiequentl) inhibit the fiee florv of bile m the common duct and that 
even blood clots may be the source of obstiuction (Figs 2, 3 and 4) If these 
1 email! within the common duct, biliaiy symptoms peisist or are aggiavated 
and thus account foi many of the pool lesults folloivmg cholecystectomies 

In the past, opeiative inteivention rvas necessai}^ 01 the patient’s distiess 
continued, unless natui e expelled the foi eign body fi om the duct If the patient 
has a peisistent biliaiy fistula 01 if a T-tube 01 cathetei has been placed within 
the common duct, a definite pictuie of the obstiuction may be obtained by 
injecting 10 to 25 cc of a steiile contiast medium, such as a 48 per cent solu- 
tion of hippuian, into the tiact 01 tube In most cases, we have been able to 
dislodge these foreign bodies by the following method, unless the obstiucting 
agent rvas an exceedingly laige stone The piessuie within the duct is 111- 
ci eased by giving thiee or foui tablets of dechohn (334 Gi ) or piocholon foui 
times a day foi thiee days On the fiist day, i/ioo Gi nitroglycerin is dis- 
solved under the tongue thiee tunes during the day, to lelax the lowei end of 
the common duct and peiinit the inci eased bile floiv and piessuie to flush out 
the duct On the second day, ati opine Gi i/ioo to 1/150, is given by mouth or 
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hypodermically thiee times On the thud day, the iiiti oglycei in is lepeated 
Each moining befoie bieakfast, duiing this thiee-day legiraen, the patient is 
given one to two diams of magnesium sulphate in water and pieceding the 
evening meal and at bedtime, one ounce of puie cieam oi olive oil, which also 
aids in lelaxmg the sphinctei aiea at the lowei end of the common duct 

Dm mg any momentaiy lelaxation of the sphincter aiea aftorded by these 
drugs, the inci eased intiaductal piessuie may foice oi flush the foieign body 
out of the common duct If a T-tube is piesent or a bihaiy fistula exists, the 
common duct is iirigated each day with steiile, waim normal saline solution 
followed by steiile, waim olive oil oi waim iodized oil such as lipiodol or 
hpiodme We now keep the tube clamped oi the fistulous tiact packed foi 
tvo to thiee houis following each administration of the niti oglycei in oi atro- 
pine During the night, one may or may not keep the T-tube clamped, depend- 
ing somewhat upon the degi ee of obsti uction and the amount of pain ensuing 
This legmien is now used m all gallbladdei cases postoperatively, and since 
common duct pathology is so common and possibly is the cause of distiess in 
many cases of nonopeiative biliaiy tract disease, it is also used m the medical 
management of this condition We have also pioved that intiahepatic duct 
stones may be washed down fiom the livei by this method Jaundice with 
complete obsti uction of the common duct definitely conti amdicates this method 
of ti eatment 
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HABITUAL DISLOCATION OF THE DIGITAL 
EXTENSOR TENDONS 


R R Fitzgerald, M D , F R C S (Eng ) 

Montreal, Can 

FROM THE MONTREAL GENERAL HOSPITAL, MONTREAL, CAN 

When the fingeis are flexed the extensoi tendons can be seen to stand 
out on the lounded heads of the metacaipal bones Each tendon lests ac- 
cuiately on the apex of the smooth cai tilage-covered surface of the bone-end, 
without any tendency to slide off The tightei the fist is clenched, the more 
secuiely the tendon holds its position The principal mechanism holding each 
tendon m place is its adhesion to the capsule of the metacaipophalangeal joint 
The mtertendmous tissues on the dorsum of the hand also help to hold the 
tendons in their position, piincipally thiough the juncturae tendmum, which 
are constantly piesent ovei the two lateral interosseous spaces, uniting the 
tendons of the middle, ring, and little fingers The extensor expansions on 
the dorsum of each pioximal phalanx also assist in keeping each tendon m 
its pioper alignment 

The efficiency of this letaming mechanism is attested by the rarity of 
lepoits of habitual displacement One would expect that pugilists would 
be likely to suffer from dislocation of tendons on the knuckles, but if such 
IS the case no reports have been placed on record Krukenberg’^ first wrote 
of the condition, in 1890 Haberern,^ m 1902, gave a description of a case, 
with an opeiation for its cure, by constructing a restiainmg sheath from the 
subcutaneous tissues and strips of the capsule of the metacaipophalangeal 
joint Reports by Paget, Legouest and Howard Marsh were mentioned in 
this paper In 1921, Levy^ collected six cases from the writings of others, 
and added four of his own He recognized pathologic, tiaumatic, and heredi- 
tary types, and approved of the Haberern opeiation 

Case Report — On September 10, 1936, a young woman, age 22, stenographer, com- 
plained that she was unable to use her left hand m operating a typewriter on account 
of pain m the forearm, associated with slipping of the extensor tendons from the heads 
of the metacarpal bones whenever the fingertips were pressed on the keys 

Two years previously she had first noticed that the tendon of the index finger 
slipped off the head of the bone toward the ulnar side whenever the fist was clenched 
This sliding of the tendon was always accompanied by an unpleasant sensation passing 
upward into the forearm Three weeks before coming for advice, the tendon of the 
middle finger began to slip in an ulnar direction, and the pain became worse A fort- 
night later the tendons of the ring and little fingers became similarly displaced There 
was a boring pain, deep m the extensor muscles of the forearm, the hand felt cold, 
and perspired freely She obtained relief by allowing the hand to hang loosely by the 
side No relative of the patient had ever suffered from a similar condition 

Physical Exammation — There was slight wasting (j 4 cm m circumference) in the 
arm and forearm There was no displacement of the tendons when the interphalangeal 
joints were flexed with the metacarpophalangeal joints extended, neither was there 
any slipping when the metacarpophalangeal joints were flexed while the interphalangeal 
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were kept straight But when all three joints were flexed the tendons slid off the heads 
of the bones with a visible jerk, associated with an irritating sensation of deep soreness 
in the foiearm 

The tendons ot the index, middle, and little fingers always went to the ulnar side, 
that of the ring finger to the radial side of the corresponding bone (Fig i) The 
tendons slid abruptly back into position as soon as extension was begun 



Fig j — Before opention The tendons of ilie index 
middle, and little fingers ^te dispHced townrd the 
ulnar side of the head of the corresponding nietacari'al 
Tint of the iing finger Ins slid olf in a radial direction 
Pain lias felt in the foieaim 



Fig 2 atethod of fixing the fascial strip in position Note that the common extensor expansions are 

absent over the upper part of the proximal phalanx 

Opaatwn — September 29, 1936 Under general anesthesia, a strip of fascia lata 
12 cm long and cm wide was removed from the outer side of the right thigh 
Three longitudinal incisions were then made over the interosseous spaces and con- 
tmued distally along the dorsum of the index, ring, and little fingers The extensor 
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tendons had a normal attachment to the fibrous capsule of the joint Juncturae ten- 
dmuni were seen to be present The common extensor aponeuiosis, however, did not 
appear to extend as far proximally as usual In a normal hand the proximal edge of the 
extensor expansion is situated at the metacarpophalangeal joint line, and in fact, m 
hyperextension it slips over a part of the metacarpal head and partly covers its articular 





Fig 3 — Two months after operation The scais 
are visible, and the tendons remain in place on flexion 
No pain (The ridge on the radial side of the head of 
the index metacarpal is due to a distended vein ) 

surface In some dissections it blends with the capsule of the metacarpophalangeal 
joint Apparently, in the instance here described, it was the absence of this usually well 
developed proximal part of the common extensor aponeurosis that permitted the tendons 
to slide off the smooth heads of the bones during flexion of the digits 

The strip of fascia lata was anchoied to the periosteum on the radial side of the 
head of the index metacarpal with silk sutures It was also anchored to the transverse 
ligament of the heads of the bones between each pair of metacarpals, and to the perios- 
teum on the ulnar side of the fifth metacarpal Fine sutures were then placed along 
both sides of each tendon, anchoring the strip of fascia lata down to the joint capsule 
At the close of the operation each tendon was held down to the fibrous joint capsule in 
a tunnel of fascia lata, which m turn was fastened to each side of the deeper tissues 
(Fig 2) The skin was closed with fine silk sutures The wounds healed by primary 
union, and exercises were begun in ten days (Fig 3) 

Follozv-Up — On November 20, 1936, the patient returned to her work as a stenogra- 
pher, and ever since that date she has been able to type at the same speed as before 
The pain has completely disappeared The tendons remain in place on all movements 
The range of movement of the metacarpophalangeal joints is two-thirds that of normal, 
that of the mterphalangeal joints is normal 

SUMMARY 

In a patient with habitual dislocation of the digital extensoi tendons, dis- 
section at operation showed that the proximal edge of each common extensor 
expansion was placed a little fnither distally on the proximal phalanx than is 
usually the case This anatomic fact is offeied as an explanation of the dis- 
location An operation foi the cure of the condition is described 
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STUDIES OF CYCLOPROPANE 
THE USE OF BARBITURATES IN PREVENTING CARDIAC 
IRREGULARITIES UNDER CYCLOPROPANE OR MORPHINE 
AND CYCLOPROPANE ANESTHESIA 

AN EXPERIMENTAL STUDY 
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Patients anesthetized with cyclopi opane, aftei the usual piemedication 
with moiphine and ati opine, frequently develop cardiac irregularities duiing 
some stage of the anesthesia In the couise of an expei iinental investigation, 
It was found that m dogs anesthetized with cyclopropane alone, cardiac ir- 
regulaiities weie very rarely encounteied until after respiratory arrest, 
whereas, in those medicated with morphine and anesthetized with cyclopro- 
pane, cardiac irregulaiities weie piesent in practically all cases duimg some 
stage of anesthesia Dogs that aie gu'en baibiturates as pi eanesthetic medica- 
tion do not develop cardiac iriegulaiities Avith cyclopropane during surgical 
anesthesia and only laiely after respiiatory ariest 

Lucas and Hendeison^ weie the first to obseive occasional ii regularities 
of the heart m animals under cyclopi opane anesthesia Kurtz, Bennett and 
Shapiro,” in an electiocardiographic study, found ventnculai exti asystoles in 
over one-half and multiple focus ventiicular tachycaidia m lo pei cent of 
their patients anesthetized with cyclopropane 

Seevers, et al m a study on dogs undei cyclopropane anesthesia, found 
that caidiac ii regularities came on at the time of, oi soon aftei, lespiratory 
airest, and that noimal rhythm would return immediately upon giving arti- 
ficial respiiation or i educing the concenti ation of cyclopropane in the bag by 
diluting with oxygen They also found that atropine would abolish the initial 
in egularities and state that these are piobably of vagal origin Robbins and 
Baxtei^ leported a study similar to that of Seevers, et al , except that they 
made analyses of the blood foi oxygen, carbon dioxide, and cyclopropane, and 
found that the electrocaidiogiaphic changes were always associated — except 
m one of 13 dogs — with seveie anoxemia, and that with adequate artificial 
respiration the heait remained normal with a much higher concentration of 
cyclopropane in the blood than that necessary to produce respiratory ariest 
In a study analyzing the effect of cyclopropane upon the diffeient properties 
of the heart. Meek, Hathaway, and Oith^ have shown that the heart of a 
dog anesthetized with cyclopropane is more sensitive to an injection of a small 
amount of epinephrine than the heart of a noimal dog or of one undei chloro- 
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foim 01 ethei, and state that cyclopiopane increases the iiiitability of the 
automatic tissues of the lieait nioie than these other agents 

Many investigatoi s^ have lepoited that ceitain baibituiates i educed oi 
abolished the effect of vagal stimulation upon the heai t , m a i ecent paper by 
Giubei, ct ol a leview of this subject is piesented Seeveis and MeekJ and 
Hoff and Nahum® showed that some of the barbiturates pi evented the de- 
velopment of caidiac ii regulai ities following the intravenous injection of 
ephedime oi calcium chloiide, which inciease the iiiitability of the heart 

The effect of moiphme upon the late and rhythm of the heait has been 
studied by many mvestigatoi s, and all aie agreed that the biadycaidia and 
^arihythmia result fiom excessive vagal tone Jackson and Ewmg*^ found 
that moiphme i educes the thieshold foi the vagal leflexes, McCiea and 
Meek^® believe that the piimai}’- site of action of morphine m producing the 
changes in heait late and ihythm is m the ceiebium, but moie recent studies 
by Robbins, Fitzhugh and BaxteH^ show that the typical morphine brady- 
caidia peisists aftei decei ebi ation of the dog 

Cyclopiopane anesthesia intensifies the biadycaidia and arrhythmia m 
dogs medicated with moiphme, an analysis of this action, which will be 
published elsewheie,^- showed that cyclopropane iiici eased the action of moi- 
phine thiough the vagal system 

With evidence that baibituiates depiess vagal tone and deciease the iirita- 
bihty of the automatic tissues of the heait and that the ii i egulai ities undei 
moi phme and cyclopi opane anesthesia are due m pai t to vagal action and in- 
ci eased iiritability of the automatic tissues, we decided to follow up oui earlier 
observations of baibituiate-cyclopropane and moi phme-cyclopi opane action 
on the heart 

Methods — EIcctroca) dmgpiahic Study A standard Cambridge electro- 
cardiogiaph was used The lecoids were taken fiom Lead II and weie 
analyzed foi late, P-R inteival, and T-wave changes, as well as foi ab- 
noi malities 

Blood Gases The Van Slyke-Neill manometiic apparatus was used for 
the oxygen and carbon dioxide analyses Aiteiial blood was collected undei 
oil and one cubic centmietei samples were analyzed , duplicate analyses were 
not made loutmely The cyclopiopane content of the blood was determined 
on five cubic centmietei samples by the iodine pentoxide oxidation method as 
described in an earhei paper 

Preparation of the Anesthetics and Mode of Adininish ation Moiphme 
sulphate was given subcutaneously, baibital oi amytal was used in a lO pei 
cent solution and was injected into the great saphenous vein m the amounts 
recoided in the tables Thirty minutes after the injection of the pi eanesthetic 
diug, anesthesia was completed by having the dog rebreathe m a bag contain- 
ing a mixtuie of cyclopiopane and oxygen As soon as anesthesia i\as suffi- 
ciently deep to peimit, a tiacheal catheter with an inflatable cuff was inserted 
and then connected in line with the soda-hme filter and bag containing the 
anesthetic mixtuie The bag was emptied and lefilled two oi three times dur- 
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mg each expeiiment m oidei to leinove the meit gas Oxygen was added 
continuously at the i ate of its consumption 

Annual Expo luients The dog was placed, back down, on a dog boaid, 
and connections weie made for taking electiocaidiogiaphic lecoids After 
the conti ol lecoid was made, the light hind leg was shaved foi the mtiavenous 
injection of the baibituiate The baibitmate was injected ovei a peiiod of 
one or two minutes Thiity minutes aftei the injection of the baibiturate or 
moiphme, a second electiocaidiogiaphic lecoid was made, and then the 
anesthesia was completed by giving cyclopiopane m oxygen The dog was 
kept m deep suigical anesthesia foi 30 minutes, and then aiteiial blood samples 
weie diawn foi oxjgen, caibon dioxide, and cyclojmopane analyses, an elec- 
tiocardiogiaphic lecoid was made The image of the string was undei con- 
stant obseivation fiom the time of admmistiation of cyclopiopane 
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* The large doses of barbital and amytal reported in this table were used to see if one could preient the development 
of cardiac irregularities which art observed in dogs after respiratory arrest, produced by cyclopropane when the arterial 
o cygen content has been reduced to 3 to 4 volumes per cent Severe anovemia alone will cause irregularities of the tvpe 
siown in Figure 3 


The concentiation of cyclopiopane m the mspiied cyclopi opane-oxygen 
mixtuie was gradually inci eased until lespnation stopped Blood samples 
were then collected foi analysis, and an electiocaidiogiaphic lecoid was made 
During the mteival between respiiatory aiiest and caidiac airest, which vaned 
fiom seven to 42 minutes 111 the dogs given barbitui ates, frequent electio- 
cardiographic lecoids weie made, and blood samples weie collected eveiy five 
minutes foi gas analysis Imniediately aftei caidiac airest, final blood samples 
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were collected By following the change in pulse rate and pi essure manually, 
as well as by watching the image of the electrocai diogi aphic string, we were 
able, in a majoiity of the expeiiments, to predict the time of cardiac arrest, 
so that the final lecord show^'ed the complexes just piior to aiiest 

In this study, eight dogs weie given barbital in doses of lOO to 250 mg per 
kg , and six w^ere given amytal m 30 mg pei kg doses Six dogs w ere given 
morphine sulfate m 5 mg pei kg doses 
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The lesults of this investigation are shown m Table I, in which are re- 
corded the t} pe and amount of pi emedication, the arterial ox} gen and carbon 
dioxide content in suigical anesthesia, at respiratory arrest, and at the time 
of cardiac aridst, the concentration of cyclopropane in the blood at the time 
of respiiatoi} arrest, and finally remaiks as to the type of cardiac arrest The 
data in the bottom line aie taken in part from an earlier paper'^ with the addi- 
tion of results from six other experiments 

Piotocols of twm experiments aie given m Tables II and III, electrocardio- 
gi aphic lecoids from these two experiments aie shown m Figures i and 2 

87 



ROBBINS, BAXTER, Jr, AND FITZHUGH AnnHsofsurEm 

I » J J 19 3 9 

The fiist abnoimal clectiocaidiogiaphic recoid fioin each of five non- 
pi emedicated dogs IS sliown in Fignie 3 These iiiegulaiities developed on 
an aveiage of 4 3 minutes aftei lespiiatoiy aiiest produced hy cyclopiopane 
alone, the aiteiial oxygen content Avas 39 volumes pei cent at the time these 
1 ecoi ds w'ei e made 



Fig I — Electrocardiographic Records from Experiment ig Morphine, s mg per 
Kg , was given as a preanesthetic drug 

Consult Table II for data which correlate the stage of anesthesia, arterial concen 
tration of oxygen, carbon dioxide, and cyclopropane with the first three records in this 
figure 

The irregularities of the heart in dogs under morphine oclopropane anesthesia are 
due to excessive vagal tone In records i6 and i8 the respiratory activity is correlated 
with the heart record The physiologic depression of the vagus center during inspiration 
permits the heart to beat normally, as shown in record i6 Two minutes after record 
16 was made, the dog was gnen lo mg per Kg of arajtal intravenouslj , three minutes 
later record i8 was made This shows that amjtal abolishes the excessne vagal tone 
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Discussion — In the dogs leceivmg moiphine, the heait late fell fiom a 
control of 134 to 73, only one clog showed abnoimal ihythm befoie cyclopio- 
pane Anesthesia produced with cyclopropane 1 educed the late to 54 pei 



Fig 2 — Electrocardiographic Records from Experiment 13, Anijtal 30 mg per 
Kg was given as a preanesthetic drug 

Consult Table III, for data which correlate the stage of anesthesia, arterial concen 
tration of oxygen, carbon dioxide, and caclopropane with the records in this figure 

The heart stopped 175 minutes after respiratory arrest, as shown in record 12, 
the arterial oxygen content was 3 58 volumes per cent 
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minute, and all dogs showed eithei nodal oi ventnculai extrasystoles, even 
though the aiteiial oxygen was 174 volumes pei cent These results are 
mai kedly diffei ent fi om those obtained fi om dogs 1 eceiving cyclopropane 
alone and from dogs leceivmg harbiturates befoie the cyclopropane 



Fig 3 — Electrocardiographic Records from Five Dogs Which Received No Pre 
anesthetic Medication The dogs rvere forced to respiratory arrest by gradually increas 
ing the cyclopropane content of the anesthetic mixture There were no cardiac irregu 
larities present before respiratory arrest The irregularities shown above developed 4 3 
minutes after respiratory arrest and with an arterial oxygen concentration of 3 9 volumes 
per cent 

13 — Ventricular extrasystole arising from a single focus 

09 — Complete auriculoventncular dissociation with slow rate, auricles 32/1', ven 
tricles 20/1' 

09 — Tachycardia of nodal origin, lao/i' 

13 — Partial AV block 2 i to 3 1 

07 — Auriculoventncular dissociation — auricles regular loo/i', ventricles irregular 
loo/i' The shadow of the upstroke of R has been intensified 

90 



Aoiumeiio BARBITURATES WITH CYCLOPROPANE 

Numbei 1 

The lecoids fiom the dogs leceiving baibituiates show some things in 
common with the lecoids of the nonpiemedicated contiol dogs The aiteiial 
oxygen concentiations at which aiihythmias oi aiiest occuiied aie appioxi- 
mately the same m each gioup The concenti ation of cyclopropane in the 
blood of the dogs i eceivmg the smallei doses of barbital and in all those i eceiv- 
mg amytal is of the same ordei of magnitude as the concenti ation in the con- 
tiol dogs, so that the diffeience m the caidiac pictuie cannot be asciibed to a 
diffeience m the cyclopiopane content 

There aie thiee significant diffeiences between the control gioup and the 
baibituiate-piemedicated gioups First, caidiac niegulaiities oi ariest de- 
veloped in the contiol dogs on an aveiage of six minutes aftei lespiratoiy ar- 
iest, wheieas, in the baibital- and amytal-treated gioups the caidiac aiiest 
occuiied about 20 minutes aftei respnatoiy aiiest Second, caidiac niegulai- 
ities were recoided in 17 of the 19 contiol dogs (16, nodal rhythm, five, 
am iculo-ventriculai block, six, ventiicular exti asystole), whereas, 111 the 14 
dogs receiving baibituiates, niegulaiities weie obseived and lecoided m only 
two dogs This IS paiticulaily significant when one considers that in the gioup 
of dogs 1 eceivmg amytal, in which the cyclopi opane concentration was equal to 
that m the contiols, the final electrocardiographic recoids show noimal com- 
plexes even up to cardiac aiiest Thud, the aiteiial content of oxygen is 111- 
ci eased at the time of respii atoi y ai 1 est in the pi emedicated dogs In the con- 
tiol gioup, the oxygen content m surgical anesthesia was 1895 volumes pei 
cent and at lespiiatory aiiest was 1540 volumes per cent, whereas, in the 
amytal gioup the values weie 178 and 204 volumes per cent, respectively, 
and in the baibital group the concenti ation at lespiiatoiy airest was 205 
volumes pei cent In thiee dogs receiving barbiturate-premedication the oxy- 
gen capacity of the aiteiial blood in surgical anesthesia and at respnatory 
aiiest was found to be 178 volumes per cent and 199 volumes pei cent, 
respectively 

Dogs anesthetized with cyclopiopane to the stage of lespiiatoiy airest aie 
easily levived by discontinuing the anesthetic and giving aitificial lespiration 
for a few seconds In a group of dogs which leceived baibituiate-piemedi- 
cation and were foiced to lespiratoiy aiiest with cyclopiopane, seveial weie 
levived five to 35 minutes after lespiiatory airest 

We believe that these lesults may wairant the tiial of a baibituiate in 
place of moi phine as a pi eanesthetic drug with cyclopi opane , until furthei 
studies on othei baibituiates aie completed, amytal is suggested for this use 
This suggestion is based on seveial considei ations The geneial lepoits fiom 
anesthetists are that the cardiac iriegulaiities obseived with cyclopiopane are 
of two types Fust, a biadycaidia Avith ventiicular exti asystoles — due prob- 
ably to excessive vagal tone Second, a tachycaidia of nodal 01 ventricular 
oiigin that may be explained on an inci eased iintabihty of the automatic tis- 
sues of the heait, as lepoited by Meek, Hathaway, and Oith In the expeii- 
ments leported, we have shown that moi phine and cyclopiopane combined 
pioduced a maiked biadycaidia and niegulaiities in dogs in suigical anes- 
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thesia even in the piesence of adequate aitenal oxygen, and that amytal, in 
one-half the anesthetic dose, pi evented the development of cardiac iriegulaii- 
ties in the piesence of high cyclopropane concenti ation in the arterial blood 
and seveie anoxemia We feel that amytal i educes the excessive vagal tone 
which IS piesent with moiphme and cyclopiopane anesthesia and also that 
the inci eased iiiitabihty of the m)mcaidium and automatic tissues, due to 
cyclopiopane and anoxemia, is reduced to a level below the iiiitabihty of the 
smu-aui ictilar node 

Theie is little leason to believe that the combination of amytal and cy- 
clopiopane will depiess the lespiration to such an extent that anoxemia will 
lesult befoie lespiiatoiy aiiest, because blood gas analysis shows adequate 
oxygen not only at the time of but even foi seveial minutes aftei lespiratoiy 
an est 

The amount of amytal found to be effective in abolishing the cardiac ir- 
regulaiities routinely observed dining suigical anesthesia m dogs piemedicated 
with moiphme and anesthetized with C3'clopi opane, could be used clinically 
A dose of amytal, lo mg per Kg, which will abolish the moiphine-cyclopio- 
pane ii i egulai ities m dog is equal to 20 pei cent of the anesthetic dose, by 
analogy an equivalent amount foi man would be 4 to 5 mg per Kg , or 280 
to 350 mg foi the average adult This amount of amytal would not be con- 
sidered excessive pi emedication in the absence of moi phine 

It lemains foi the clinical anesthetist to deteimine if such pi emedication 
will 1 educe the fiequency of caidiac 111 egulai ities in man dining anesthesia 
with cyclopiopane 


SUMMARY 

(1) In a senes of 20 dogs leceiving moiphme, baibital, 01 amytal as 
pi emedication agents for cyclopropane anesthesia, the lilood gas concentrations 
have been coi related wnth changes in the heait as shown by electiocaidio- 
giaphic records 

(2) In dogs piemedicated with moiphme, biadycardia and arrhythmia 
are usually present in the diffeient levels of suigical anesthesia pioduced with 
cyclopiopane Intiavenous injection of amytal abolishes the bradycaidia and 
ai rhythmia 

(3) Caidiac 11 regulai ities which develop at the tune of 01 soon aftei 
lespiratoiy an est produced by cyclopiopane alone may be pi evented by baibi- 
tal or amytal 

(4) These expeiiments indicate that a baibitnrate should be given a 
clinical trial 111 place of morphine as pieanesthetic medication in patients to 
be anesthetized with cyclopiopane 
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THE APPLICATION OF CARBAMIDE (UREA) THERAPY IN 

WOUND HEALING 

Hall G Holder, M D , and Eaton M MacKat, M D 

LAJOLIA, SAN DinCO, CALIl 

riiOlI THE SCIilPlS WtMOHIAL IIOSI ITAL ANU THf SCHIIIS ^KTtHOMC CU\1C, H JOLI K, CALIF 

Recently, Reid^ pointed out that “it is enoneoiis to give the idea 
that the pioblem of wound healing is essentiall}’- synonymous with the prin- 
ciples of asepsis and antisepsis ” He notes fuithei, that “among the first of 
the gieat principles of wound healing to become established, was the impor- 
tance of eliminating oi pi eventing the formation of necrosis and debris in 
wounds ” By the i emoval of dead tissues, bacterial gi owth is eliminated oi 
1 educed to a minimum Chiistophei- likewise condemns the use of antiseptics 
in fresh open wounds, and lists the i emoval of foieign bodies and devitalized 
tissues as two of the most important underlying pimciples in the tieatment 
of fresh wounds It was the consideiation of the importance of this factor 
which fiist led us to examine the usefulness of a stiong caibamide’' (uiea) 
solution, which is a potent agent foi dissolving piotem substances, such as 
dead tissues, as a therapeutic agent in wound healing"* This lediscoveiy of 
an agent, fiist used more than three decades ago,^ but since forgotten, has 
produced such good results that an unexpected inteiest as well as innumer- 
able questions concerning the details of its application to w^ounds of various 
types have arisen It has, therefoie, seemed desirable to descnbe the applica- 
tion of caibamide (uiea) in greatei detail and to summaiize two more yeais' 
experience with the product 

The vii tries of caibamide have lecently been well summaiized by Mertins,** 
essentially as follows 

(1) Carbamide m aqueous satuiated solution, by its powei of dissolving 
necrotic debus, lemoves the chief detenent to healing in many types of 
chronic infection 

(2) It IS almost totally noniiiitating to living tissue 

(3) It IS mildly bactericidal to many foims of oiganisms, especiall}^ those 
producing putrefaction 

(4) It almost immediately eiadicates all odoi without pioducing another 
odor 

(5) It IS inexpensive t 

* We have adopted the suggestion of a recent reviewer,® in electing to use the chem- 
ical term carbamide, because of the suggested association in the minds of some of the 
term urea with urine, and also because this substance is now prepared syntheticall} 

fWe are indebted to Rare Chemicals, Inc, of Nepara Park, N Y, for trial sup- 
plies of “eucupin” dihydrochloride 

Submitted for publication June 2, 1938 
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These good qualities, which aie appioximately the same as those which 
were pointed out in oui initial lepoit,'* have been suppoited by all of the 
obseivatioiis which we have made since that time Howevei, two pioblems 
have aiisen in connection with the use of caibamide One of these has to do 
with the physical iiatuie of the material applied to the wound AVhen we fiist 
used caibamide it was applied either m a strong, usually saturated, aqueous 
solution 01 m the ciystallme foim depending on the degiee of moistness of a 
wound The solution was naturally the method of application of choice m 
any fistulous wound Meitms has used it in the auial canal foi the tieat- 
ment of chionic otitis media In many othei aieas, the solution could be 
employed, but we have generally piefeiied the ciystals, when then applica- 
tion was possible Then chief disadvantage is their tendency to diy out and 
cake on occasion, and the difficulty of maintaining them m propei contact 
with the tissue at times To obviate these difficulties we have compounded 
a uiea paste foi occasional use, the piepaiation of which is desciibed below 

The othei pioblem which we recognized in our eaily woik and which has 
become impoitant enough to wan ant an attempt to obviate it, is the pain which 
IS incident to the use of caibamide m some cases This is due to the fact 
that hypei tonic solutions may be painful to denuded tissues Of such oiigin, 
is the aggiavated pain of an aching tooth when candy is dissolved in the 
mouth Aftei a tiial of many local anesthetics, a pioduct has been found 
which IS not only effective in almost all cases, on mucosa as well as denuded 
aieas, but also has a useful bacteiicidal action'^ This is iso-amyl-hydi o- 
CLipicme, which is knoun as “euctipin ” Although oiigmally synthesized as a 
bacteiicidal substance, its high potency as a local anesthetic has made it even 
moie useful The prolonged anesthesia which lesults has been particulaily 
useful for oui puipose Since the fiee base is not water soluble, “eucupin” 
dihydiochloiide is the compound oidmaiil)^ utilized We have mixed this 
compound with the ciystals of caibamide oi added it to the solution m a 
concenti ation of o 4-0 5 per cent It may also be mcoi poi ated in the carba- 
mide paste, which is composed of Carbamide 500 per cent, kaiaya gum 2 5 
pel cent, eucupine o 5 pei cent, and is compounded as follows 

Five bundled Gm of caibamide'*' (crystal uiea, DuPont) aie dissolved 
m appioximately 300 cc of hot watei Half of this solution is then placed m 
anothei contamei and 25 Gm of powdeied first giade gum kaiaya (India 
gum) aie dissolved 111 it by vigoious stining The lesultmg paste is then 
sterilized by autoclaving To the other poition of caibamide solution 5 Gm 
of “eucupin” dihydiochloiide aie added and this mixed with the autoclaved 
cai bami de-gum kaiaya solution, and made up to a final volume of 1,000 cc 
This solution on cooling is leady for use 

It has been oui piactice to tieat all infected and, occasionally, some rel- 

* Caibamide ma}'^ be purchased from most chemical houses A verj pure product, 
which may be obtained ai low cost, in quantities of 100 pounds, is crystal urea, manu- 
factured bj E I DuPont de Nemours Companj, of Wilmington, Del 
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atively fresh wounds containing dead tissue, until clean, with caibamide 
crystals, stiong caibamide solutions or the paste Whethei or not the '‘eucu- 
pin” dihydi ochloi ide is added depends upon the pain it causes in the wound, 
and the type of patient When the wound is clean and granulating, epithelial- 
ization IS often completed with othei dressings A woid should be said con- 
cerning the type of giaiiulation tissue which is obtained by employing carba- 
mide theiapy It is fai supeiior to that which results fiom the application 
of many antiseptics oi occurs m the piesence of infection The carbamide 
granulation tissue is healthier and moie highly vascularized It is pink, flat, 
and ideal foi skin giaftmg The following cases aie presented to demonstrate 
the principles of caibamide application 

ILLUSTRATIVE CASE REPORTS 

Case 1 — No 66256 J W , male, ag(? 37, entered Scnpps Memorial Hospital De- 
cember 30, 1936, with tj'pical signs and symptoms of a lobar pneumonia of the right 
lower lobe For the first twelve days, although acutely ill, the patient seemed to hold 
his own On the twelfth day, his condition was definitely worse with rising tempera- 
ture, and with clinical and roentgenologic evidence of pyopneumothorax Aspiration at 
this time recovered 400 cc of grayish, foul smelling pus, suggestive of lung abscess or 
anaerobic infection such as is occasionally found following the rupture of a superficial 
lung abscess into the pleural cavity Because of the danger of a serious cellulitis of the 
chest wall with repeated aspiration, immediate open thoracotomy was performed Under 
local anesthesia, the eighth rib was resected m the posterior axillary line for a distance 
of thiee inches A large caliber, two-way rubber tube was fastened into the wound for 
irrigation and drainage Following the evacuation of a large amount of foul pus, the 
cavity was irrigated with saturated carbamide solution which was repeated every four 
hours There was no evidence of pleurobronchial fistula, but had there been, the use of 
urea would not have presented such a complication as does Dakin’s solution m these 
cases, as it is not so irritating to the bronchial mucosa The purulent drainage was de- 
odorized within a few hours — a very helpful property of urea in all foul smelling infec- 
tions The clinical course from the time of the thorocotomy showed progressive improve- 
ment, the temperature gradually subsiding in two weeks’ time, and the patient dis- 
charged home, ambulatory, in 21 days, the wound draining veiy little 

We feel that saturated carbamide solution is fai supeiioi to Dakin’s solu- 
tion as an iingatmg fluid in empyemata Its greatei lytic piopeities aie 
more efficient particulaily m the anaerobic type of infections, such as detailed 
above, -where contiol of the infection is directly dependent upon elimination 
of necrotic tissue on which the bacteiia are dependent foi their existence 
Saturated carbamide solution may best be employed m intracavity infections 
such as empyemata, nasal sinuses and chronic otitis media, fistulous tracts, 
as in chionic osteomyelitis, postoperative lectal fistulectomy, ischioiectal 
abscess cavities , and in deeply infected wounds whei e the crystals cannot be 
effectively applied as m deep traumatic wounds and postopeiative infected 
wounds such as the perineal wound following resection of the rectum 

The following case demonstiates the lytic action of caibamide m ciystal- 
hne foim At no time did the patient complain of discomfort 

Case 2 — No 9400 F W , female, age 23, was admitted to the Scnpps Memorial 
Hospital January 3, 1938, with a history of increasing pain and tenderness over the 
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sacral region for the pieceding four days Examination showed a healthy adult female 
whose clinical and laboratoiy findings were both normal other than the localized painful 
area Inspection here levealed a large, tender, indurated, erythematous area The in- 
fection seemed deep and there was no localization suggestive of a furuncle or carbuncle 
An exploiatory opeiation, January s, 1938, demonstrated a large, thickened, infected 
pilonidal cyst, which was removed by careful dissection dowm to the posterior sacral 
attachments The wound was packed with carbamide ciystals and no attempt at closure 
made Any lemaining necrotic or inflammatory tissue was promptly removed by the 
carbamide, and the wound lapidly granulated up from the bottom and healed w'lthout 
complications The tendency for lecuirence due to leaving behind a portion of the c>st 
wall IS well known The use of carbamide with its strong, lytic action on devitalized 
tissue, is a great aid in cleaning up such a w'ound and keeping it clean foi normal repara- 
tive processes and thus reducing the chance of recurrence 

Case 3 demonstiates the use of the caibamide “eucupin” watei -soluble 
paste, necessitated by the pain lesulting fioin application of the ciystals 

Case 3 — M G , female, received a third degree burn, November 16, 1937, involving 
the entire lateral suiface of the left thigh from the knee joint to above the iliac crest 
extending anteriorly to the middle of Poupart’s ligament and thence down the anterior 
suiface of the thigh in this same line The posterior surface of the thigh was involved 
for about an inch past the junction of the posterior with the lateral surface This 
wide area had been treated with tannic acid in the usual manner, but subsequent infec- 
tion of the burned surface had undermined the crust w'hich had separated in some areas 
and from such denuded surfaces large amounts of puiulent exudate were discharged 
The patient had a septic fever wuth associated constitutional symptoms On December 
4. I937> dry carbamide crystals were geneiously applied, and m less than a week's time 
the majority of the crust and undei lying neciotic tissue had been removed The car- 
bamide crystals then became so painful that the carbamide paste with “eucupin” dihydro- 
chloride was applied This w'as well tolerated and very efficacious Continued use of 
this paste for two weeks produced a very clean, healthy, granulating surface, ideal for 
skin grafting Since the patient was unable to enter the hospital at this time treatment 
of the burned area was continued with an epitheliahzing agent and subsequent skin graft- 
ing was successful 

The following tw^o cases aie piesented to illustrate the use of caibamide 
ciystals in traumatic wounds and to demonstrate that the compound may 
often be applied without discomfoit as well as to remove the fear that car- 
bamide may have a deleteiious effect on tendons The blood supply of tendons 
IS notably less than in many othei tissues, but m our experience with a num- 
bei of cases m which tendons weie directly exposed to the action of carba- 
mide, even in the piesence of sutuimg and ti aumatization, we have seen no 
evidence of a harmful effect 

Case 4 — No 9224 R G, male, age 4, entered the hospital October 29, 1937, with 
th.e history that while playing m the street he was struck and run over by a heavj truck, 
sustaining a severe injury to the left foot Phjsical examination revealed moderate 
shock as evidenced by pallor, rapid pulse and respirations There was no evidence of 
injury other than to the left ankle except subcutaneous emphysema involving the left 
chest wall and the left side of the neck Roentgenologic examination showed no eiidence 
of fractal ed ribs and the laboratory findings were normal The patient’s condition im- 
proved after antishock measures were applied and the injured ankle was inspected under 
ethylene anesthesia Over the anterior aspect of the left ankle joint the skin was absent 
as a result of a grinding force which had completeh denuded an area two inches in 
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diameter It appeared as if the foot had been placed on an emerj' wheel and a complete 
section of the soft tissues giound out, including skin, subcutaneous tissue, fascia cruris, 
sections of the tendons, extensor digitorum longus, hallucis longis and tibialis anticus 
together with the dorsalis pedis arteiv and accompanying nerve, ligaments attached to the 
anterior surface of the talus and the entire articular surface of the talus The roentgeno- 
gram showed the superior margin of the talus ground off so that the articular surface 
presented a straight line Operation consisted of debridement of ail obviously devitalized 
tissue Skin edges were freed and dissected back with the aid of extending incisions 
above and below Blood vessels were ligated and repair of the three extensor tendons 
carried out with lengthening due to loss of substance The skin defect could not be en- 
tirely closed because of the marked tissue loss, but was appioximatcd as well as possible 
and the foot immobilized at a right angle m a molded plaster splint At the first dress- 
ing, three days later, there was considerable purulent discharge from the wound, and car- 
bamide crystals were introduced generousl} Tbe foot was kept immobilized, with only 
the application of carbamide crystals at the time of the daily dressings In six weeks 
the plaster splint was removed, and over the following two \\eeks gradual weight bear- 
ing was allowed with the aid of crutches The wound was still draining slightly from 
a small central smus but in eight weeks’ time was entirely healed and the extensor ten- 
dons were functioning noimally A mild, acquired talipes valgus was corrected with a 
leather anklet and arch support, which gave a normallj functioning foot 

In this case, as in man}' otheis, caibamide \\as employed without discom- 
fort In a child with a seiiotisl)' contaminated, tiaumatic wound involving 
soft tissue, tendons, blood vessels, bone and joint sui faces with following in- 
fections, deteiients to w'ound healing w'eie so satisfactorily controlled by the 
application of caibamide crystals that no injuiy to the tendon repan occuned, 
and no seiious osteomyelitis developed, leaving an ankle joint without dys- 
function The follownng case is also a typical example of the good lesults 
obtained with caibamide in tiaumatic injuiy, involving in addition the pies- 
ence of gross infection 

Case 5 — J J L , male, age 45, was first seen at the office October iS, 1937, stating 
that he had crushed his hand with an air jack hammer while straightening a piece of 
steel Examination revealed a three inch laceration on the palmar surface of the right 
index finger extending from the tip of the distal phalanx to the second palmai crease 
The wound was jagged and the adjoining tissues were badly crushed In addition to the 
soft tissue injury, there was fragmentation of the bones of the index and second fingers 
as well as a dislocation of the second phalanx of the first finger The flexor tendons 
were exposed throughout the length of the laceration The wound was debrided under 
regional anesthesia, the edges sutured as well as possible, and the hand placed on a molded 
plaster splint By the third postoperative dav, a gross infection developed m the flexor 
tendon sheath, the wound was opened and packed with carbamide crystals This was 
done daily for four days, at the end of which time the wound was clean and granulating 
In 10 days’ time the wound was completely healed, although ti action was maintained on 
the finger for three weeks, and this was followed by appropiiate physiotherapy Consid- 
ering the serious tendon sheath infection, the result was excellent, for the only residual 
disability was a slight limitation of the motion of the second phalanx 

We aie still of the opinion that, although the mild bacteiicidal action of 
carbamide is of some consequence, the chief value of the compound in wound 
healing is due to its remaikable solvent action on protein compounds As 
Meitins^ concludes fiom his expei lence with caibamide m chionic otitis media 
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“the lesults aie simply due to a moie adequate lemoval of the gioss and 
micioscopic debus m the lecesses of the middle eai, giving natuie a fan 
chance, often with suipnsmgly successful lesults ” Dilute uiea solutions also 
continue to be used^^’- with the idea that they stimulate cell piolifeiation 
in wound healing That they give a slight degi ee of success we cannot 
deny, and as we have aheady pointed out this is piobably due to the long 
known activity of dilute urea solutions in piomotmg pioteolysis of the neciotic 
tissue Suppoit IS given to this view by a lecent study^^ demonstiating 
that dilute uiea solutions aie without influence upon the rate of giowth of 
fibi oblasts in tissue cultuie It is tiue that theie is some evidence^^ that 
dilute uiea solutions pioduce piolifeiation of capillaiies by spi outing and may 
thus aid m wound healing Howevei, we piefer to avoid dilute urea solu- 
tions because of the excellent medium foi bacteiial giowth which they pro- 
vide and the supeiioi lesults obtained with highei concentiations 

SUMMARY 

The efficacy of carbamide (uiea) as an adjunct to wmiind healing, due 
piimaiily to the lytic action of stiong aqueous solutions upon neciotic tissue 
and othei debus, is again demonstiated Details of the piactical application 
of caibamide theiapy aie outlined 
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E Dunbar Newell, M D 

Chattanooga, Tenn 

After my expenence m the Evacuation Hospitals of the A E F I thought 
I was thoroughly competent to diagnose and ti eat patients with gas gangrene, 
but, just one year ago, I lost a patient from this condition, and then I realized 
that I knew veiy little about the piesent-day diagnosis and tieatment of gas 
bacillus infection I, at once, began to i eview the literature extensively My 
opinion is that piobably all the papers on this subject wiitten before 1934 aie 
Avoithless foi clinical pui poses Howevei, an article, by Eliason,^ in 1937, is 
most compi ehensive and instructive 

Gas bacillus infections occiii m all sections of the United States In some 
localities it is tai moi e prevalent than m otheis In my section — Chattanooga — 
It IS veiy laie The Baroness Erlanger Hospital, a 200 bed municipal hospital 
in Chattanooga, leports no cases during the peiiod 1926-1934, and only two 
cases each 111 i935“36-37-38 Of the eight cases reported by Eilanger Hos- 
pital, three were gunshot wounds, three weie compound fractuies, one a 
ciushed arm, and one an abscess over the orbit In over 42,000 traumatic 
cases treated at our clinic during the past 21 3'ears, our lecords show only 
five cases of gas bacillus infection — one severe tiauma to the leg, one com- 
pound fracture, two gunshot wounds, and one avulsion of the arm In 257 
major compound fractures duiing the past 12 years, there has been only one 
case of gas gangrene 

Millar^ records a series of 607 cases occuiimg in civil life, which is probably 
only a small peicentage of the cases of gas bacillus infection that did develop 
during that pei lod — the othei s were not reported 

Junghous, in 1933, analyzed more than 60 cases of gas gangrene following 
hypodermic medication of all types, of which only four suivived Boland, 
of Atlanta, says “In 80 cases of compound fiactuies, occurring in Negroes, ® 
15, or 19 per cent, developed gas gangrene, whereas, in the same period, m 
97 cases of compound fractuies, occurring in white, 7 per cent developed gas 
gangrene ” 

Ehason’^ says that at the University of Pennsylvania and Philadelphia 
General Hospitals, the incident of gas gangiene following amputation for 
diabetic gangrene, senile gangrene, and Bueigei’s disease was 6 8 and 10 per 
cent, respectively 

In our clinic, over 100 amputations for arteriosclerotic and diabetic gan- 
grene have been performed and no case of gas gangrene has been recoided 
Evidently this porous, sandy, hilly soil does not harbor anaerobic organisms 
to the same extent that a flat country does Cultures and smears from the 

* Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 6, y, 8, 1938 


100 



VoUime HO 
Js timber 1 


GAS GANGRENE 


wounds and skin of the patients who come to oui clinic aie raiely positive 
foi the anaeiobic oiganisms Cultuies fiom the battlefields of Fiance, as 
well as fiom the uniforms on men returning fiom the tienches, weie lOO 
pel cent positive foi anaeiobic organisms, accoiding to lecoids fiom the 
Suigeon Geneial’s office 

111 civil life, chionic leg ulcers have shown 34 3 pei cent positive Robeits, 
Johnson,® and Biicknei'^ were able to cultivate it fiom the skin of 21 7 pei cent 
of unpiepared abdomens, 8 5 pei cent of knife blades used m making skin 
incisions, and 9 2 pei cent from the peritoneum when opened for noninflamma- 
tory conditions Gamble lepoited 12 cases of emphysematous gaiigiene of 
the abdominal wall which he has had in his piactice since Novembei, 1923 — 
all of these cases followed opeiation foi luptuied, gangienous appendicitis 

Theie have been about 25 varieties of anaeiobic oiganisms isolated Clos- 
hidium zvelchii is piesent in from 80 to 90 pei cent, Closti idium oedcmatis 
tnaligm 01 vibiion septique of the Fiench, 10 to 20 per cent, ClosUidnun 
ocdcnwtiens about 5 pei cent 

The usual piophylactic polyvalent dose is 1,500 units of tetanus antitoxin, 

2.000 units of ClosUidium tvelchii antitoxin, and 2,000 units of Clostndmm 
oedcmahs maligm The usual theiapeiitic dose, called polyvalent gas gangrene 
antitoxin, campuses the following 111 one vial 10,000 units C/ost/ \ditim welchn, 

10.000 units Clost) idnim oedematis mahgni, 2,500 units Clostiidium htsfoly- 
ticum, 1,000 units Closfudiiint oedematiens, and 200 units oedematoids This 
combination contains antitoxin specific for all the toxm-pi oducing, spoie- 
foiming anaerobes now ci edited with causing gas gangiene in man 

Diagnosis — It has been thought foi yeais that ciepitation m the tissue 
was the fiist S3anptom that caused one to suspect gas gangiene It is now 
known that we must make the diagnosis of gas bacillus infection befoie 
ciepitation is peiceptible, 01 we lose the piecious early houis of the infection 
when piopei management will give a moitality of fiom 5 to 15 per cent 
instead of the usual moitality of fiom 49 to 80 per cent 

It is so usual to lead the statement that the positive diagnosis of the 
contaminating agent is made by smeai s and cultui es ’ The positive findings 
by smeai may mean nothing, as Evacuation Hospital No 8 of the A E F 
lepoited 890 wound cultuies of which 478, 01 53 pei cent, contained anaerobic 
bacilli , of these 478 wptinds, 67 pei cent at no time showed evidence of gas 
gangiene To await the lesiilt of culture befoie making a diagnosis is too 
late The diagnosis must be suspected when a patient who has a wound 
that has been contaminated with soil, feces, 01 dirty clothing suddenly com- 
plains of seveie pain in the wound, when the pulse rate is higher than the 
tempeiature vould indicate, and inspection of a previously closed wound 
leveals edema and biowmsh discoloration of the skin If not closed, the 
wound IS dirty 111 appeal ance and there is a discharge of biownish serum, 
and, at times, a mousy, offensive, 01 puti id odor, or there may be scarcely no 
odor If, 111 addition to the above signs and s}mptoms, a roentgenogram 
shows gas bubbles m the tissue, active tieatment should be begun at once 
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Rinehait was fiist to call oui attention to the value of the i oentgenogi am in 
making a diagnosis before the infection is clinically ai^paient In suspected 
cases a i oentgenogi am should be made eveiy four houis If theie is an in- 
ciease in the numbei of an bubbles in each succeeding film, then we know 
that the bubbles aie not due to air that has been forced into the tissue by muscle 
action at the time of the injury Too, the gas in the tissue may be due to 
colon bacillus infection The i oentgenologic diagnosis is usually many houis 
ahead of the clinical diagnosis, and an eaily diagnosis is of supieme impor- 
tance 

If the infection is due to vibiion septique, no ciepitation will be found on 
palpation and no gas bubbles will be found loentgenologically The diagnosis 
will be made by the very maiked edema Ghoimley'^ lepoits such a case in his 
senes of 43 cases fiom The Mayo Clinic 

Frequent inspection of the patient and the wound is of extreme impor- 
tance during the early stages Early recognition is the most important step 
m treatment and is not difficult if the possibility of gas gangrene is kept con- 
stantly in mind 

Tieatinent — The most important factor in the treatment is the recognition 
that where muscle tissue is mangled and the blood supply is gravely damaged, 
one has the ideal culture medium for the growth of anaerobic organisms and 
that without this condition the presence of these organisms should give us 
but little concern 

Since 0111 war seivice, it has been otii practice to clean wounds with soap 
and water, to undertake a meticulous debridement vhenevei soft parts have 
been mangled, to control bleeding by direct attack, and not to stop bleeding 
by packing the wound, thus further impairing the blood supply If debride- 
ment and hemostasis aie satisfactory and the wound can be closed without 
tension, then the wound is closed without drainage At the State Hospital 
in Shreveport, Louisiana, the incidence of gas bacillus infection has been 
greatly 1 educed by not closing such wounds 

Dm mg the past 10 years, we have used combined piojdiylactic tetanus 
and gas gangrene antitoxin whenever the wound has been greatly traumatized 
and grossly contaminated with soil, efc In four of the five cases occur ring 
in our clinic, the prophylactic antitoxin was administered, the fiist, 01 other 
case, occurred before we had begun the loutine use of the prophylactic anti- 
toxin However, dm mg the 20 years previous to the past 10 years, no prophy- 
lactic dose was administered and only one case is recorded during that 20-yeai 
period Erlanger Hospital, of Chattanooga, did not use prophylactic injec- 
tions during the same period and although with a greater numbei of traumatic 
cases treated, had no case of gas gangrene foi nine years It is generally 
concluded that the prophylactic injection does not prevent gas bacillus infec- 
tion, but that it probably lengthens the incubation period and lessens the 
sever ity of the attack, and that it should be given on tin ee successive days 
Veal,® of New Orleans, says “Theie were two deaths among the 27 
patients who had received the prophylactic antitoxin, a mortality of 7 4 per 
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cent, while theie weie 13 deaths among the 27 who did not leceive it, a 
moitahty of 48 pei cent Fuithermoie, in the gioup of 10 patients heated by 
debridement, all of whom leceived piophylactic antitoxin, theie was only one 
death and this patient was almost moribund when he was first seen ” 

It IS widely practiced and geneially believed that eaily thoioiigh debiide- 
ment is the surest pieventive against gas gaiigiene and one of the most im- 
poitant measuies to stop the spiead of the infection aftei it has begun The 
debiidement must consist of an amputation if the blood supply has been 
gieatly damaged, and this must be perfoimed eaily and should be, of course, 
of the guillotine type If the blood supply is fan to good, then under the mod- 
em tieatmeiit an amputation will piobably not be necessaiy 

Fiom oui own expeiience and fiom the hteiatuie, the one most impoitant 
theiapeutic agent is tlie eaily mtiavenous admmistiation of 10,000 to 30,000 
units of polyvalent antitoxin, lepeated eveiy six to eight houis Bohiman,® of 
Johns Hopkins, has suggested the use of sulfanilamide foi both prophylaxis 
and theiapeusis 

The Surgeon Geneial’s lepoit calls attention to symbiosis of various 
aeiobes and anaeiobes In Base Hospital No 15, A E F , in 73 cases of gas 
gangiene with death, activity of gas bacilli was self-hmitmg and piobably 
confined to the fiist week aftei the wound was leceived, with a chop in 
anaeiobes fiom 38 to 7 pei cent dtiiing the fiist seven days, as the common 
pyogens Sti eptococcus and Staphylococcus accumulated lapidly in the wound 
The symbiotic effect was paiticulaily piomment in fatal wounds Foi its 
effects on both aeiobes and anaeiobes, it should be given in all cases 

Kelly lepoits 44 cases of gas gangiene of the extiemities, tieated with 
1 oentgenothei apy Theie weie 29 in which amputation was not pei formed 
and all 29 patients lecoveied Out of the 15 who had amputation, five died, 
a moitahty of 33 3 pei cent He says fuither “In concluding, it seems fan 
to state that the loentgen lay, up to this time, seems to be definitely established 
as an aid 111 the tieatment^of gas gangiene, both in extiemity and in tuink 
cases, but it seems desiiable to use serum and othei measures and lefiain 
fiom amputation until the patient has lecovered from shock and fiom the 
gas bacillus infection ” 

For local application 01 instillation, we formeily always used Dakin’s 
solution by the meticulous method elaborated by Di Alexis Can el, at the 
Rockefeller Institute, but, judging fiom the piesent-day hteiatuie, it seems 
to make little diffeience whethei Dakin’s solution, hydiogen pei oxide, or 
1-500 potassium pennanganate is used 

Case Report — On Februar}' 6, 1938, I saw a patient in consultation at Da\ton, 
Tenn Twenty-four hours previouslj this 30ung man had been sliot in the abdomen, on 
the right side just below the costal arch, with a shotgun An explorator} celiotomj had 
been performed almost immediateh b}' Dr Agnew Thomison , appendicectonn had been 
l>erformed as the appendix was in the wound The lower edge of the Incr was found 
lacerated and the anterior surface of the Iner w’as speckled with shot ^fultiple shot 
w'ere in the mesenterj and serous coat of intestines, howc\er, no perforation of the 
intestine w'as found The low'er intercostal and abdominal muscles of the right side 
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were torn and iaceiated The wound was closed and a small rubber tissue dram placed 
under the skin When first seen, the temperature was 102° F , pulse 124 , and the wound 
was edematous and soggy 111 appearance and was reddish brown 111 color, a brownish, 
offensive serum was exuding between the sutures and from tlie dram, on palpation, 
crepitation could be felt for an area of six inches below the wound When the sutures 
were removed gas could be seen bubbling up from the wound sui faces and from the 
area under the intact skin Remembering Kelly's expeiience with amputation, I did 
not advise fuither incisions to dram the crepitating area The wound was kept moist 
with H^jOo packs and 20,000 units of polyvalent gas gangrene antitoxin were given 
intravenously immediately, and 120,000 units more were administered over a peiiod of 
three days 

Sulfanilamide was given in 10 gram doses ev'cry four houis for six days Tempera- 
ture was normal on February 13, and the sulfanilamide was discontinued No evidence 
was present at this time of gas bacillus infection However, on February 20, two weeks 
after onset, the temperature rose again , sulfanilamide was reinstituted at four-hour 
intervals for three davs, when the temperature again became normal Roentgenotherapy 
was administered twice daily during the first week 

Although this patient was despeiatei)’ iH with high tempeiatuie and was 
delnious, at the end of the fiist week he was practically over the gas bacillus 
infection The sulfanilamide must have pi evented the symbiosis winch is so 
common m these cases 
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Discussion — Dr J Durrv Hancock, Louisville, Ky I think Doctor 
Newell’s paper is most timely, as well as most inteiesting With the advent 
of high speed transpoi tation I believe we will see many moie of these crushing 
injuries and probably an increase in gas gangi ene infections He has pi eseiitecl 
an excellent summaiy of the modern tieatnient of gas bacillus infection I 
would like to lepoit aiiothei case — a woman, age 45, whose right foieaim was 
injured in an automobile accident, fell into the hands of an excellent country 
doctor who cleansed the wound, left it open and gave a prophylactic dose of 
the combined anti-gas gangrene and anti tetanic serum Twelve houis later 
she had intense pain in the foieaim, with a foul dischaige Twenty- four 
hours after the injury, when I saw her, there was crepitation to the elbow, a 
smear was positive for the gas bacillus of Welch and this was confirmed 
by culture We followed essentially the same tieatment as Doctor Newell 
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desciibed, opened the wound and used hydiogen pei oxide iiugations, ad- 
ministeied the seium, and sulfanilamide, 90 gi the hist day, 60 the second 
and 30 the thud, and administeied loentgenotherapy, 120 r units eveiy day 
for foul days She went on to a complete recovery 

Just as Doctoi Newell said, I believe treatment has been icvolutiomzed in 
the last few years, and that m the futuie it will consist of loentgenotheiapy, 
serum, sulfanilamide and 11 ligations, with hydrogen pei oxide being the solution 
I think is best of all 

Dr Ralph G Carothers, Cincinnati, Ohio I agiee with everything 
Doctoi Newell has said except as to the use of loentgenotheiapy Doctoi 
Newell pointed out that there was a great deal of gas gangiene 111 some locali- 
ties, and ill othei s not so much I think that is so , the infection is much more 
viiulent m certain paits of the countiy than in othei s In talking to a 
suigeon from Wyoming, he told me lecently that he had not seen a case of 
tetanus m that pait of the country Of course, tetanus is not gas gangiene, 
but they aie caused by similai oigamsms I wondei if Doctoi Kelly’s woik 
IS not based on a type of oigamsm that is prevalent 111 the dry plains of 
Nebiaska, which are similai to the W3mmmg locality I lefeiied to Doctoi 
Cubbms lepoited eight cases tieated with loentgeniay 111 Cook County Hos- 
pital, Chicago, with eight deaths 

In Cincinnati, we have a type of oigamsm that is lathei viiulent I saw 
a case of gunshot wound in the thigh with a compound fiactuie of the femur 
The accident occuired at thiee o’clock in the afteinoon and when the patient 
was bi ought in at 6 30, the loentgenogiam showed the infection to be aheady 
well advanced 

The principal thing m addition to the seium is to decompiess the paits 
and split the fascia on both sides The gas is like an expanding tourniquet 
If 3^ou split the fascia on the two sides, expansion can take place without 
cutting oft the blood supply We did this in this case, and then put the 
patient m a Thomas splint The swelling was so gi eat that the thigh bulged 
over the splint on each side, but the tissues did not become gangi enous and 
theie was no edema below the knee That man has a good leg today 

Dr Grover C Weil, Pittsburgh, Pa The papei piesented by Doctoi 
Newell considers a veiy important factor in tiaumatic suigery, and certain 
phases of it have been very inteiesting fiom the point of view of tieatment, 
Oui expel lence in gas bacillus infection dates back 1113113' 3eais, m view of 
the laige number of tiaumatic cases we have had on the seivice of the Pitts- 
burgh Coal Company 

The advances made 111 the tieatment of such infections, as I review them, 
seem almost like a lomance 111 suigeiy, dating back to the days when im- 
mediate amputation was found necessary 111 older to save the life of the 
patient, and up to the piesent date wntli the use of antitoxin as one of the 
impoitant theiapeutic nieasmes The heavier mortality m the older da3'S seems 
to have been due to lack of propei undei standing in diagnosis 

A great factoi in the saving of lives at the present time on our service is 
the eaily lecognition of the condition and the immediate institution of surgical 
measuies One important diagnostic feature, as we instruct oui medical 
students, is the value of detecting a “sour-sw'eet” smell wdiich emanates from 
the wound and wdiich can be detected eaity when one becomes familiar with 
the odor On many occasions the nuises have leported its presence, which 
ahvays senes as an indication foi an immediate examination of the wound, 
and one can then observe the ph3 sical changes indicating the infection I feel 
that many lives have been saved as the result of the earl3 detection of this 
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diagnostic sign Suigical measuies aie immediately instituted in the way of 
laige incisions and piopei drainage, followed by the application of huge wet 
compresses fai beyond the site of the lesion, using as a rule magnesium 
sulphate We immediately administer huge doses of antitoxin, which has 
pioved of utmost value on oui seivice 

With leference to the advantages of i oentgenotherapy, I may say that 
om expel lence has been lathei limited and I would lathei hesitate to rely 
solely upon its administiation as a theiapeutic measuie, in view of its teirific 
vnulence and the poweiful invasive piopeities of ceitain of these organisms 
As a piehminar}'- measure, however, until the patient can be tianspoited to a 
suitable institution where piopei theiapy can be instituted, one may be justi- 
fied 111 Its application 

Dr E Dunbar Newell, Chattanooga, Tenn (closing) I lepoited one 
case wheie I did not use an incision to lelieve the tension That has always 
been my piactice In wai suigei}'- we had to do that, but in this particulai 
case I thought if Kelly had the same kind of organism that we had and re- 
poited such wonderful results, I would give it a tiial I did so, and while 
one case does not mean anything it seemed to be veiy effective These are 
despeiate cases, and patients aie in piofound shock when they get this in- 
fection, and maybe we do harm by fmther manipulation 

My pin pose was to bung out that this tieatment which is so effective in 
the hands of a few men might be used by many moie Aftei all, none of 
oui old methods nas veiy effective I agree with Doctoi Caiotheis as to the 
vnulence of the oiganisms In oui paiticulai section we do not see so much 
of it, and in othei sections it is veiy common 

Before leading the lecent liteiatuie, I thought I was well qualified to both 
diagnose and tieat gas bacillus infections, but aftei I had concluded my 
leading I was amazed to find out how little I knew about the modem methods 
of drugs and treatment 
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FRACTURES AND DISLOCATIONS BY MUSCULAR VIOLENCE, 
COMPLICATING CONVULSIONS INDUCED BY METRAZOL FOR 

SCHIZOPHRENIA**^ 

Louis Carp, M D 
New York, N Y 

FROM THE NEW lOEK STVTE DEPIETMENT OP MFNTIL inCIEVE, DR W ILl lAM J TIFFAN'i, COMMISSION!- II 

The monthly report to the Board of Visitois of the Rockland State 
Hospital foi May, 1938, mentioned a fiactuied neck of a feiniii in a female 
schizophi enic, age 30, which had been piodiiced by the mtisctilai violence of 
a convulsion induced b}^ metiazol This injury seemed so seveie and unusual 
that statistics on similai injuiies weie obtained fiom the 20 New Yoik Civil 
State Hospitals accoidmg to a definite scheme of study (Table I) These 
statistics aie analyzed m Table H, and thej^ indicate that the complicating 
injuiies must be seiiously considered 111 appiaising the value of metiazol 
theiapy 

It IS clearly not within the scope of this papei to give the clinical featuies 
01 tieatment of the injuiies Suffice it to say that 687 patients had metiazol 
theiapy one 01 moie times, and that 12 fiactuies (178 pei cent) and 118 
dislocations (172 per cent) occuiied m these patients as complications of 
the convulsions In teims of the total number of convulsions (859) m all 
the patients up to the tune of iiijuiy, the fiactuies constituted i 5 pei cent 
and the dislocations 139 per cent 

In no instance was theie any external violence, such as an mjuiy sus- 
tained by falling out of bed In every case, the injuiy was pioduced entnely 
by the musculai violence of the convulsion 

By compaiison, the convulsive state pioduced by epilepsy shows that 
none of the iiijuiies undei discussion have occuiied at the Rockland Stale 
Plospital duiiiig the past thiee yeais Duiiiig this time, the aveiage number 
of epileptics undei obseivation monthly was 30, and these patients had an 
aveiage numbei of 213 convulsions monthly 

A few psychiati ists mention injunes of the same nature Finkelman. 
Stembeig and LiebeiF lepoit “minoi complications such as dislocation of 
the mandible and dislocation of the head of the humeius”, Nightingale- 
lepoits a “fiactuied femui”, Dhunjibhoy^ leports one dislocated shoulder in 
12 cases tieated, and LebensohiP leports “dislocation of the shouldei ” 

Htsfoiy of Shock and Convulsion Theiapy — In 1933, Sakef' desciibcd 
the tieatment of moiphine addiction by the use of massive doses of insulin 
with Its lesulting hypogl}cemia In 1934, he*^ desciibed the insulin hypo- 
glycemic shock theiapy foi schizophi enia The tieatment “gicw out of the 

Submitted for publication February i, 1939 

* 1,404 patients had insulin therap3 One sustained a dislocation of the mandilik, 
three had dislocations of the head of the humerus, and one had a fracture of the greater 
tuberositj of the humerus, all the result of muscular Molence during a Inpoghcemic 
comulsion These cases are included in Table I 
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LOUIS CARP Annals or burcer} 

1 u 1 y 10 3 <J 

msulin boi del line theiapy foi inoiphine addiction ” Convulsions occasionally 
occur, and lecently psychiali ists"^ have consideied them an asset m therapy 
In 1929, Nyiio and Jablonsky® obseived that schizophienics who also had 
epilepsy weie apparently impioved aftei epileptic seizures Similar observa- 
tions weie made by Mullei," m 1930, and by Glaus/® in 1931 In 1934, 
von Meduna” of Budapest, conceived the idea of using convulsant diugs in 
schizophrenia “The theoietical basis foi the therapy is the assumption that 
a ceitain biochemical antagonism exists between the convulsive state and 
the schizophienic process” He pioved the impi acticality of a number of 
the convulsant diugs and then he used 25 pei cent camphor m olive oil 
mtiamusculaily This piepaiation was umeliable in its effects, insoluble, 
toxic and painful In 1935, he’- employed the prepaiation known as cardiazol, 
which IS maiketed in this country as metiazol Its intiavenous administration 
pioduced piompt convulsive seizin es without the disadvantages of the con- 
vulsant drugs which had been used pieviously The diug itself is a white 
ciystallme powdei, leadily soluble and bears the chemical name of pen- 
tamethyleneteti a/ol which has the following stiuctuie 

CH2— CHi— CIIj 

\n— N 

CHo-CHr-CHi 

\ 

N— N 

Techmc of Adiuiiustiation — Metrazol is prepaied in 10 per cent aqueous 
solution, ready foi intiavenous use, so that 10 cc lej^resents i Gm The 
dose IS fi om 3 to 1 5 cc , the amount employed varying with the receptivity 
and sensitivity of the patient to violent convulsive seizures The treatment 
IS administered befoie breakfast with the patient in bed The use of restraint 
depends upon his motoi activity With the pioi:)ei nurse assistance, the 
metrazol solution is injected mtiavenously as rapidly as possible This is 
necessaiy because the drug is excreted veiy quickly and because a massive 
theiapeutic effect on the coitex is desnable 

Desaiption of a Typical Convulsion — Metrazol therapy was obseived 
by the author in 43 males and 30 females, and was admimsteied by Dr 
Charles M Holmes at the Rockland State Hospital A few seconds aftei 
the metiazol is injected, its effect is evidenced The leaction pattern depends 
in some measure on the patient’s receptivity Convulsions may be either 
petit mal or grand mal in type The lattei aie desned and they are pertinent 
to this paper There is frequently an am a which is desci ibed in various ways 
by patients Flashes of light, daiting of bizarie figures, visualization of a 
ball of file, a sense of compression of the chest and difficulty 111 lespiration 
Some patients are apprehensive and others fiightened and complaining 
There is a piompt, pungent odoi to the breath which is lapidly dissipated 
Theie may be a short cough, tenor of the impending convulsion, quick clos- 
ure and opening of the eyelids and a yawn At this point, a soft gag is ni- 
sei ted between the teeth to prevent biting of the tongue In a few seconds, 
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In I — C use No 867 Fncture of the i\eck of 
the fenun in t fennle, nge 30 



Fig 3 — C'i‘?c No 8690 Anterior ch'-locition 
of held of hunicrns with frnctnrc of greater 
tubeiositj in a nnle, age eS 



Fig 2 — Ca<:e No 11253 Anterior di'-locaUon of 
the head of luiincrns in a in.ik, age 25 





Fir ^ ~C aet \o 30-391 C omprc'-'-ioti 
frictiirt of the 't.\t.nth thoracic rcrttlira m 
a inak age 33 
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the convulsion begins with slight twitching, and very quickly it becomes 
clonic, tonic, oi a mixtuie of both The patient becomes unconscious, the 
eyes deviate, the pupils dilate and theie is an initial pallor followed by 
extiemc suffusion of the face In some cases, theie is a tendency for the 
uppei extiemities to be tin own upwards As a lule, there is complete ex- 
cension at the elbow and volar flexion at the wiist with bizarre flexion of 
the fingeis and adduction of the thumb The tonicity of the muscles is so 
gieat that the pulse cannot be felt The lowei extremities are completely 
extended at the knee and theie is plantar flexion at the ankle joint and 



Fig 5 — Case No 275165 Fracture of the 
aiiKle of the mandible in a m ile, age 25 


Fig 6 — Case No 228552 Fracture of the ana 
tomic neck of the humerus and the greater tuberos 
ity with posterior dislocation of the head in a 
male, age 33 


occasional flexion at the hip Theie may be flexion at the knee joints Pal- 
pation of all muscles in spasm shows them to be of almost stony hardness 
The conti action of the muscles of the lower extremities is so violent that 
it IS difficult to lift them off the bed The muscles of the abdomen and the 
accessoiy muscles of respiration aie m extieme tonic contraction Toward 
the end of the convulsion theie is cyanosis caused by a period of apnea 
fiom the tonicity of the muscles of respiration In males, there may be an 
expression of prostatic and seminal fluid without an erection Defecation 
and uiinalion in bed are fiequent occmiences 

The convulsive seizure lasts about one minute, and it is probably the 
most violent evei lecorded in human beings When the convulsion is over, 
the patient’s coloi giadually approaches the noiinal Consciousness returns 
quicldy or slowly, quietly or accompanied by excitement The muscles of 
the jaw seem the last to relax and this relaxation is sometimes not complete 
for about 15 minutes The patient may fall into a slumber, the duration 
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FRACTURES AND DISLOCATIONS 


of which as a lule is not raoie than ten minutes This is followed by fatigue 
About an houi after the therapy, he is allow^ed up foi a bath and bieakfast 
Analysts of Statistics — Table II includes injuiies complicating the hypo- 
glycemic convulsions of insulin theiapy It wall be noted that the total 
number of patients who suffeied injuiy was 72, of wdiom 46 weie male and 
26 female The oldest patient was 44, the youngest 17 and the a\eiage age 
was 29 The total number of fractuies m both the insulin and metia^ol 
theiapies was 13 (o6pei cent), and dislocations, 120 (5 7pei cent) Six- 
teen of these patients had lecuirent dislocations of the mandible, one as 
many as 14 Tw^elve fiactuies (178 pei cent) and 118 dislocations (172 
per cent) complicated convulsions fiom metrazol theiapy, and one fiactuie 
(007 per cent) and two dislocations (014 pei cent) weie pioduced by 
complicating hypoglycemic convulsions dm mg insulin theiap}^ The aveiagc 
duiation of a convulsive seizuie was about one minute and the laigest numbei 
of convulsions previous to injuiy w^as 33 Theie aie lecoided 24 patients 
mjuied dm mg the initial convulsion Eighty-thiee point seventy-six pei 
cent of the patients had no lestiaint The anatomic diagnoses aie also desig- 
nated (Table II) 


Table II 

ANALYSIS or TABLE I 

Number of patients treated with metrazol 687 

Number of patients treated with insulin 1,404 

Number of males injured 46 

Number of females injured 26 

Age of oldest patient 44 

Age of youngest patient 17 

Average age 29 

Largest number of convulsions previous to injury 33 

Number of cases injured during initial convulsion 24 

Average duration of convulsive seizure i minute 

Percentage wnth no restraint 83 76 

ANATOMIC DIAGNOSES 

Totals 

Dislocation mandible* 105 

Dislocation head humerus 15 

Intracapsular fracture neck femur 3 

Intertrochantenc fracture neck femur 2 

Fracture greater and lesser tuberosity humerus i 

Fracture greater tuberosity, dislocation head humerus 2 

Compression fracture seventh dorsal vertebra i 

Fracture transverse processes fifth lumbar vertebra i 

Fracture neck humerus i 

Fracture anatomic neck humerus, fracture greater tuberosity, posterior 
dislocation head i 

Fracture angle mandible i 

Total Fractures 13 — Total Dislocations 120 


* There were 16 patients who had recurrent dislocations of the mandible is follov s 14, 12, 
7> 5, 5, 5, 4, 3, 2, 2, 2, 2, 2, 2, 2, I Of this number, one patient had 5 dislocations in 5 con- 
vulsions, another 7 dislocations in 7 com ulsions, and 2 patients had 2 dislocations in 2 con- 
vulsions 
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Number of 

Fractures Percentage 
Metrazol 12 i 78 

Insulin I 0 07 

Total fractures and dislocations (metrazol) 

Total fractures and dislocations (insulin) 


Number of 
Dislocations 
118 
2 

130 

3 


Percentage 

17 2 
0 14 

18 9 
0 21 


Total fractures and dislocations (both treatments) 


133 


6 36 


Table III 

MECHANISMS Ol THE ERACTURES \ND DISLOCATIONS BY MUSCULAR VIOLENCE 
Lesion Mechanism 


Intracapsular fracture neck femur 


Intertrochanteric fracture neck femur 


Fracture greater and lesser tuberosity 
humerus 

Fracture anatomic neck humerus, frac- 
ture greater tuberosity, posterior dis- 
location head 


Fracture angle mandible 


Compression fracture seventh thoracic 
vertebra 

Fracture transverse processes fifth lum- 
bar vertebra 


Pull of external rotators (obturator internus and 
externus, gluteus maximus and minimus, 
quadratus femoris, pyriformis and gemellus 
supenor and inferior) and abductors of hip, 
mesially and cephalad (gluteus medius, pvri- 
formis, obturator internus and externus, gemel- 
lus supenor and inferior) against powerful 
iliofemoral ligament anteriorly 

Pull of external rotators and abductors of hip 
mesially and cephalad, against pull of adductor 
group (adductor magnus, longus and brevis 
and pectineus) 

Pull of supraspinatus, infraspinatus, teres minor, 
and subscapulans 

Forceful impaction head in glenoid fossa (for 
fracture anatomic neck and postenor disloca- 
tion) Pull of supraspinatus, infraspinatus 
and teres minor (for fracture of greater tuber- 
ositv) 

Comparative weakness of angle Pull of internal 
pterygoid and masseter cephalad and anteri- 
orly Pull of mylohyoid and digrastric caudad 
and anteriorly 

Sudden, initial forceful flexion of thoracic portion 
of vertebral column by intense spasm of ab 
dominal recti and external oblique muscles 

Pull of erector spinae, multifidus, intertrans- 
versahs, longissimus dorsi, psoas, quadratus 
lumborum 


Dislocation head humerus and fracture 
greater tuberosity 


Dislocation mandible 


Anterior dislocation head liumerus 


Pull of supraspinatus, infraspinatus and teres 
minor (for fracture) Pull of pectoralis major, 
teres major, latissimus dorsi and subscapulans 
(for dislocation) 

Normal antenor glide condyloid process Pull 
of internal pterygoid, masseter, and temporal 
muscles, cephalad and anteriorly 
Normal redundant shoulder capsule with com- 
parative weakness antero-infenor portion, 
with arm in abduction Pull of supraspinatus, 
infraspinatus and teres minor, posteriorly and 
mesially Pull of pectoralis major, teres ma- 
jor, latissimus dorsi and subscapulans anten- 
orly and mesially 
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Mcchamsm of the Fiactwes and Dislocations — It is possible that a con- 
stitutional infeiioiity and in certain cases an osteopoiosis pioduced by disuse, 
sustained postuie, oi piolonged undernuti ition may be contributoiy piedis- 
posing factois to the pioduction of injuiies It is also possible that sup- 
posedly therapeutic doses of metiazol have been too high 

The intense tonic and clonic muscle spasm pioduces a pathologic inco- 
oidination between antagonistic gioups of muscles, which by then anatomic 
attachments and stiong lines of pull deteimme the lesulting lesion It is 
difficult to know at which paiticulai phase of the convulsive state the fiac- 
tuies and dislocations weie pioduced It, theiefoie, becomes veiy difficult 
to foim a piecise concept of the vaiious mechanisms enteiing into the pio- 
duction of the complicating mjuiies Biief summaiies of the suggested 
mechanisms aie given m Table III 

Suggestions to Miniinijse Injiuies — Foiceful manual lestraint oi the use 
of lestiammg sheets should be minimized Cleaily, an additional countei- 
foice added to an aheady existing pathologic foice has a tendency to mciease 
spasm and this causes a gieatei likelihood of injuiy Piessuie by a hand 
upwaid against the mandible tends to pi event its dislocation It is a good 
plan to hold the uppei extremities close to the tiunk to pi event dislocation 
of the shouldei 


SUMMARY 

(1) A typical convulsion pioduced by metiazol theiapy for schizophienia 
is desciibed 

(2) The muscle spasm is so intense that fractuies and dislocations by 
muscular violence alone occui By contiast, not a single injuiy of this type 
occuiied in a senes of 7,500 epileptic convulsions 

(3) Seventy-tuo patients sufifeied mjuiy, of whom 46 weie males and 
26 females The oldest was 44, the youngest 17, aveiage age 29 

(4) In a senes of 687 cases tieated with metiazol one or moie times, 
theie occuiied 12 (178 pei cent) fractuies and 118 (172 jier cent) dis- 
locations In terms of the total numbei of convulsions (859) up to the time 
of injury, the fiactuies constituted 15 pei cent and the dislocations 139 
pel cent, lespectively 

(5) In a senes of 1,404 cases tieated with insulin, theie weie one (007 
per cent) fiactuie and two (o 14 pei cent) dislocations as a result of com- 
plicating hypoglycemic convulsions 

(6) All the injuries included five fiactuies of the neck of the femin, one 
fiactuie of the gieatei and lessei tubeiosity of the humeius, one fiactuie 
of the anatomic neck of the humeius and gi eater tubeiosity with posterioi 
dislocation of the head, one fiactuie of the angle of the mandible, one coni- 
piession fiactuie of the seventh thoiacic veitebia, one fiactuie of the trans- 
veise piocesses of the fifth lumbar vertebia, two dislocations of the head 
of the humeius with fractuie of the gieatei tubeiosity 105 dislocations of 
the mandible, and 15 dislocations of the head of the humeius Sixteen patients 
had lecuiient dislocations of the mandible 
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(7) One-thud of the patients suffered injuiy during the initial con- 
vulsion On the contiaiy, othei patients had many convulsions previous to 
injuiy, and one of them had 33 

(8) The mechanism of the pioductioii of the vaiious fiactuies and dis- 
locations is suggested, togethei with possible piedisposmg factors 

(9) Suggestions to minimize injuiies aie made 

(10) The injuiies must be seriously considered in electing to employ 
metiazol theiapy 

Since the wiitmg of this aiticle, there have been three additional cases 
of fiactuie of the neck of the femur at the Rockland State Hospital fioni 
convulsions pioduced by metiazol therapy At the Psychiatric Institute 20 
males and 31 females had 529 convulsions as a result of the therapy Coin- 
piession fiactuies of bodies of vertebiae weie demonstrated by roentgeno- 
giain 111 a total of 22 (43 i per cent) of the 51 patients and they included 
six males (30 per cent) and 16 females (51 6 pei cent) All the fractures 
weie found m the thoracic vertebrae, most commonly in the midthoracic 
legioii The nuniher of segments affected varied from one to eight, and 
the aveiage was between tliiee and four 
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THE USE OF VITALLIUM AS A MATERIAL FOR 
INTERNAL FIXATION OF FRACTURES^ 

Willis C Campbell, M D , and J S Speed, M D 

Memphis, Tenn 

Any discussion of the methods of mteinal fixation of fiactuies, necessaiily, 
bungs up the whole question of the advisability of ti eating fractuies by open 
1 eduction There is much to be said on both sides A satisfactoiy functional 
lesult, rathei than diamatic roentgenograms, is the piime object in the tieat- 
ment of eveiy fiactuie, and the simplest and safest method of obtaining this 
lesult IS the one to be employed The majoiity of fiactuies can be i educed 
by manual foice and the position of the fiagments maintained by external 
immobilization and traction 

In ceitdin types of fiactuies, on the other hand, expeiience has shown that 
open reduction and some means of internal fixation is the only pioceduie 
which offers the patient a reasonable expectation of satisfactoi y function The 
wholesale adoption, by the inexpei lenced, of the fiist steel plates used foi the 
internal fixation of fiactures was followed by such a deluge of disastious 
lesults that the method, in geneial, fell into disrepute This unfoitunate situa- 
tion, howevei, has led to ceitam developments in bone suigeiy which now 
peimit a moie aggressive attitude towaid those fiactuies in which seiious 
impairment of function appeals inevitable by tieatment with conseivative 
measuies The intioduction by Doctor Venable ot vitallium, an alloy which is 
practically mei t m the tissues, as a means of internal fixation, has been one of 
the outstanding contributions to our advance m bone suigeiy 

Vitallium IS a nonfeirous alloy, being composed of cobalt, chiomium and 
molybdenum Its physical and chemical piopeities, and its leaction when 
placed in living tissue, have been desciibed m ai tides b)^ Doctois Venable, 
Stuck and Beach Expeiimental and clinical evidence indicate that vitallium 
is the most “silent” of all the metals oi alloys employed for internal fixation 
of fiactuies The most serious objection to othei mateiial utilized foi this 
purpose was then electiolytic action upon the host tissue, as manifested by a 
local aiea of tissue neciosis, with absoiption of the bone about the sciews and 
plate The consequent loosening of the sciews impaiied the stability of the 
mteinal fixation, and the devitalized tissue favoied bacterial giowth 

This aiticle is based upon a study of 65 cases in which vitallium was em- 
ployed in the foim of plates or sciews, or both, as a mateiial for internal 
fixation of vaiious types of fractures The tissue 1 espouse to the metal was 
observed foi the purpose of determining the presence 01 absence of ( i ) Cor- 

* Read before the Southern Surgical Association, White Sulphur Springs, W Ya , 
December 6, 7, 8, 1938 
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losion of the metal with staining oi devitah/ation of tlie adjacent soft tissue, 
(2) absoiption of the bone about the sciews, (3) incidence of infection in 
simple flesh fiactines, (4) toleiance of the tissues to the vitalhum in poten- 
tially infected compound fiactuies, and (s) the leaction of both bone and 
soft tissues to the vitalhum m obviously infected compound fiactures 

If the many disastious lesults which have occuried m the past following 
the adoption of open 1 eduction and mteinal fixation 111 the tieatment of fiac- 
tuies aie to he avoided, sciupulous attention to the pimciples of surgical 
asepsis must he obseived Exposuie conveits a simple fractuie into a poten- 



Tig t - — (A) Simple fneture of both bones of the foicarm trcitccl elsewhere !>> open reduction 'iiul 
wiring, sub'^cquent nonunion tre itcd by sliding bone grift opcrition with fixation 1>> steel screws \\ hen 
first seen b> the 'luthoi patient Ind active infection in tlic operative wound there was absorption of 
bone about the sciews, and the giafts had sc(|ucstr itcd (B) Same fractuic showing condition following 
removal of seqiicstia Ucsulting scais the soft tissue infection ind bonv defects prevented any recon 
'■tructive surgery indcfinitel> fins singled disastci nn> accomi)an> an> open reduction of fractures 


tially compound fiactuie, wuth all of its attendant risks Undei piopei con- 
ditions, these iisks aie not seiious and aie far outweighed by the advantages 
of accurate replacement of the fragments and secure fixation 

Skin Ft epai atwn and Piotection — The piactice of shaving and cleansing 
the skin on the opeiating table immediatel}'' piior to opeiation is to be avoided 
whenever possible Rather, a preliminary preparation, consisting of shaving 
and ihorough washing with soap and water, followed by the application of 
benzine, ether, and the routine skin antiseptics, and a sterile dressing should 
be made 12 hours before operation A second routine preparation is carried 
out on the table During operation, contact wuth the skin is avoided by 
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enclosure of the member in stenle stockinette fastened to the skin edges of 
the wound 

Opeiation should nevei be under taken immediately after removal of a 
plastei encasement The region which has been enclosed m the encasement 
is coveied with paitially desquamated skin which cannot be removed duiing 
the oidinaiy suigical piepaiation A peiiod of at least four days should be 
allowed foi adequate cleansing of the skin 

A loutine method of di aping the extremities, which provides protection 
against contamination of the hands during the draping and of the operative 
field during movement of the extiemity incident to reduction of the fiacture, 
should be masteied by the entire suigical team This admonition perhaps 
seems unnecessary, but the authois have obseived that, in many hospitals, m 
which the majoiity of the suigery is abdominal, both the opeiative field and 
the hands of the suigeons are often contaminated dm mg the draping of an 
extremity, befoie the opeiation is begun Again, unsteiile fields are fre- 
quently exposed at operation by the movement of the extiemity necessary in 
the piocedure 

Instiumental technic has many advantages and should be employed when 
possible, but is impi acticable unless the entire opeiatmg team woiks togethei 
routinely and is tiained in the details of technic The chief advantage of 
instiumental technic is the avoidance of gioss teais or small puncture openings 
in the gloves of the suigeon, thiough which perspiiation may escape into 
the wound 

USE OF VITALLIUM IN ACUTE FRACTURES 

Acute fiactuies m which internal fixation is indicated may be divided into 
two gioups 

(1) Fractures of Necessity This gioup includes those types of fiactures 
in which expel lence has shown that satisfactoiy position of the fragments 
cannot be seemed or maintained by manual foice or skeletal traction, and 
those in which tieatment by these methods has failed to achieve an alignment 
of the fiagments adequate to pi event seiious disability oi deformity 

(2) Fiactuies of Election In this group, although -sufficient anatomic 
position has been oi can be obtained by closed reduction to afford a good func- 
tional lesult, the degiee of displacement wan ants the expectation of some 
defoimity, a slow union, and a slight permanent disturbance m function 
Formerly, this condition would have been piefeiable to the risks attendant 
upon open i eduction and plating The negligible dangei incident to internal 
fixation with vitalhum and the piobability of obtaining a bettei functional 
lesult with a shorter period of disability, justifies a inoie aggressive attitude 
towaid this type of fiactuie 

There is a thud gioup of acute fiactures in which the question arises as 
to whether internal fixation or skeletal traction should be employed The 
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choice here will depend upon the expeiience of the opeiator, the siiigical 
facilities available, the geneial condition of the patient, and the local condi- 
tion Skeletal traction obviates the danger of wound infection and involves 
less suigeiy, but does not insure anatomic piecision in the lestoiation of the 
position of the fiagments Fuither, longer peiiods of immobilization and 
hospitalization are requiied for skeletal ti action In the piesence of infected 
skin lacerations or “brush burns” adjacent to the opeiative field, howevei, 
theie is danger of operative infection, and accuiacy of reduction should be 
saciificed in favoi of the safei method of skeletal ti action 

Vitallium has been employed routinely by the authors as a mateiial foi 
inteinal fixation only during the past yeai Twenty-two acute simple fractures 
have been plated, and from a clinical standpoint the method has, unquestion- 
ably, proved supeiior to anything we have employed pieviously In some 
cases, 1 oentgenograms have been made at inteivals ovei a peiiod of lo months 
Theie has been no evidence of absorption of the bone about the screws, nor 
any infiammatoiy changes in the soft tissues The metal seems entirely inert 
and silent In many cases, callus appeals to have coveied the plate paitially — 
a featuie seldom obseived following the use of plates composed of ferious 
alloys 

The majoiity of patients have no symptoms fiom the plates, and do not 
wish to have them distuibed We have, however, removed eight plates which 
had remained m the tissues from four to lo months These did not show any 
evidence of coirosion or tarnishing The screws weie fiimly imbedded m 
the bone, and had to be fieed with a sciewdrivei In no case, even in frankly 
infected compound wounds, were we able to lift the sciews out with a 
heniostat, as is often possible when screws of ferious alloys aie used The 
soft tissue about the plates was not stained, and appeared to be normal scar 
and fibious tissue, similar to that formed m the healing of any surgical 
wound In two cases, it was necessary to lesect callus fioin over the plate 
befoie its withdrawal 

Complete immobilization and alignment of the fiagments have been main- 
tained in all cases with the exception of one, m which the plate bioke This 
plate was under considerable tension in the uppei end of the femui and was, 
moreovei, one of the eailier types manufactured, in which the alloy was lather 
buttle This brittleness has since been coriected, and the plates are now 
sufficiently malleable to bend slightly to fit the contoui of the bone and obviate 
the dangei of bieakmg 

In the gioup of acute clean fiactuies, three infections have developed 
Violation of the rules which govern opeiation was directly lesponsible for the 
infection in two of the tliiee cases In one, the opeiation was performed 
immediately after removal of a plaster encasement which had been worn for 
seveial weeks Piopei skin pieparation was impossible In the second case, 
theie weie “biush burns” adjacent to the operative site Both of these infec- 
tions could have been avoided by pi oper selection and preparation of the cases 
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Union has taken place in all of the acute fi actui es Even in the tin ee cases 
in which infection developed, the fiagments eventually united in satisfactory 

position In the infected cases, it was necessary to leinove the plates before 
all diainage ceased 

USE OF VITALLIUM FOR DELAYED UNION OR MALUNION OE FRACTURES 
Vitalhum plates have been apjihed to 12 fractures in which union was 
delayed and the fiaginents weie in malposition, or following osteotomies for 
inalunited fiactures In delayed union with malposition, freshening of the 



Fig ^ — (A) Milunion of both bones of the forearm The ends of the fragments are sclerotic and 
the bone is of poor quality for callus production In this tjpe of case a bone graft is preferable to 
plating (B) Vitalhum plate nas applied to radius Union was not solid after fi\e months, union in 
both fractures solid ten months postoperatively Fracture of radius united before that of the ulna 

ends of the fiagments, lealignment, and secure fixation by means of a 
vitalhum plate are usually sufficient to msuie union Fixation by the plate 
prevents recurience of the displacement, which is not unlikely when union is 
delayed Elimination of all movement between the fiagments jiiomotes eailier 
union 

In seveial fractures of both bones of the foieaiin, wheie one bone was 
plated and the othei ineiely fieshened and realigned, solid union took place m 
the plated earliei than in the unplated bone 

Vitalhum plates aie indicated as a means of fixation 111 inalunited fractures 
aftei con ection of the deformity, provided the quality of the bone is good and 
normal callus pioduction may be anticipated If the ends of the bone are 
sclerotic and of pool quality, and callus pioduction will piobably be slow or 
inadequate, an autogenous bone giaft is pieferable, since it affords not only 
mechanical fixation, but also a stimulus to osteogenesis, which is necessaiy 
in this type Convincing evidence of this fact has been observed in three cases 
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of mal union in which osteotomies weie carried out and vitalhum plates were 
applied foi fixation The bone was somewhat sclerotic in all these cases and 
union was delayed ovei a long peiiod of time, being questionable at the end 
of seven months in one case and aftei lO months in another In one or two 
other cases definite i oentgenogi aphic demonstiation of solid bony union was 
not piesent for many months Although union ultimately became solid in all 
these fiactuies, the peiiod of disability would no doubt have been shortened 
and union made moi e certain by the use of a bone graft 

There weie no infections in this group, and the roentgenograms revealed 



A B 


Fig 4 — (A) Nonunion of fracture of the humerus 
ot four months’ duration (B) Roentgenogram three 
and one half months postoperatn eh shows solid union 
after fixation bj onlaj bone graft and four Mtalhum 
screw s 

no absorption about the screws Thus fai, the plates have not been lemoved 
in any of these cases 

USE OF VITALLIUM IN UNUNITED FRACTURES 

Surgical procedures to induce bony union in typical unumted fractures 
must fulfill two fundamental lequirements to insure the highest percentage of 
successful results (i) Accuiate reduction, and adequate fixation to prevent 
motion between the fragments , (2) stimulation of osteogenesis 

In many unumted fiactuies the ends of the fragments are sclerotic, the 
blood supply pooi , and there are othei conditions unfavorable for the reforma- 
tion of callus Eveiy possible stimulus to the formation of new bone should 

125 



CAMPBELL AND SPEED Annus or burgoo 

T 111 J 19 3 8 

be pi ovidecl F oi these i easons, it is felt tliat the use of vitallium plates should 
not be extended to i eplace bone giafts in typical nonunion Although lemoval 
of intervening scar tissue, fieshening of the ends of the fragments, accuiate 
1 eduction, and complete fixation by metal plates will induce bony union m 
many cases, this method is less likely to be successful than fixation by bone 
gi afts 

Solid bony union has been obtained m 93 pei cent of otii senes of ovei 
400 bone giafts foi nonunion of fractures We have not applied vitallmm 
plates 111 typical ununitcd fiactuies, but have used vitallmm screws, eithei 
alone or in combination with autogenous bone nails, as a means of fixation of 
these bone giafts The use of vitallmm sciews simplifies the opeiative pio- 
ceduie and provides fiimei fixation foi the giafts than autogenous bone nails 
111 none of the ig cases in which sciews have been used, have any deleterious 
effects been obseived 

USE or VITALLIUM IN ACUTE COjMPOUND FRACTURES 
Sheimaii and others have employed metallic plates 111 the tieatinent of 
compound fiactuies foi many years, and have reported excellent lesults 
Following the use of feiious alloy plates, the inajoiity of suigeons have found 
the incidence of infection with loosening of the screws and loss of position 
lesulting fioiii instability of the plate relatively high For this reason, foieign 
materials for internal fixation in compound fractuies have been utilized with 
some hesitancy The immediate accurate reduction and secure fixation of the 
bony fiagments 111 compound fiactuies, however, has seveial advantages 
Fust, these fiactuies are more easily reduced immediately following injury 
than at any tune afteiward Second, accuiate reduction unquestionably 
hastens union Obhteiation of dead space and pockets about the ends of the 
bones diminishes the likelihood of infection Third, with internal fixation 
theie is need for less external immobilization, thus peimitting obseivation and 
tieatinent of the damaged soft parts without constant movement at the fiacture 
site — a disadvantage of skeletal traction 

The clinical demonstration that vitallmm plates are relatively inert in the 
tissues, appaiently having no unfavorable influence upon the incidence of infec- 
tion, and the fact that theie is no absorption about the screws even in the pres- 
ence of infection, has convinced us that the advantages of its use in connection 
with compound fractuies usually outweighs any theoretical objection 

The following loutine technic has been adopted foi the treatment of acute 
compound fi actures 

Group I — Acute compound fjacfwcs seen dnung the fitst 12 hows aftei 
inpoy, in zvhich the jiactwe has been compounded j) om the viside 01 theie is 
1 datively little damage to the soft tissues Under general anesthesia, the skin 
of the exti emity is thoroughly cleansed with soap and watei and pi epared as 
for any opeiation All obviously devitalized tissue is lemoved from the wound 
by debiidement The wound is then cleansed mechanically by copious irnga- 
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tion with normal saline solution, no stiong antiseptics aie used in the open 
wound The fiacture is next exposed, i educed, and immobilized with a 
vitallium plate and sciews The wound is paitially closed, and a plastei 
encasement oi splint applied The admimstiation of sulfanilamide is begun 
at once, as a piophylaxis against infection 

Group II — Compound jiactmcs seen ajtei J2 hows, oi those m zvJuch 
thoe IS extensive damage to the soft tissues In these cases, the above pro- 
ceduie is earned out and, in addition, incisions aie made at optional points 
foi counter drainage and the inseition of Dakin’s tubes Routine Dakin 
tieatment is then instituted, and whatevei type of external immobilization 
appeals most suitable is applied 



A B 

Fig s — (A) Acute compound fracture (B) Same fncture after open reduction and application of 
vitallium plate Wound healed without infection Solid bony union two months after operation 


In some cases, skeletal traction is combined with these pioceduies 
In fractures of the tibia and fibula oi radius and ulna, m which the 
fiactuie IS compound m one bone and simple in the other, open reduction 
and internal fixation of the simple fracture will frequently maintain alignment 
of both bones and obviate the necessity of operating upon the compound 
fiactuie Fixation of the fibula m compound fiactuies of the tibia is a 
typical example of this vaiiation fiom the usual opeiative piocedure 

Eight of the fiactures of oui senes weie m Group I All wounds have 
healed piimaiily, theie has been no infection, and the plates aie still in situ 
m eveiy case In the fractuies of Group II, m which the wounds weie 
giossly contaminated, theie have been, of couise, mild infections, these have 
been conti oiled with Dakin treatment In no case has a severe, extensive 
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infection developed The j^lates have maintained satisfactory position of the 
fragments, and the sciews have not been loosened even m the presence of 
infection In the majoiity of grossly infected cases, lemoval of the plate has 
been necessaiy befoie drainage ceased 

Although oui gioup of compound fiactuies tieated by fixation with 
vitallium plates is as yet too small to justify any positive conclusions, the 
clinical lesults following the above method of tieatment have been so success- 
ful that we feel fuithei expeiience will piove its soundness, and the moibidity 
and peiiod of disability will be i educed Finthei, the time of observation is 
too shoit to peimit conclusions in legaid to the rapidity of union as compaied 
to that following tieatment by skeletal traction Apparently, however, the 
plate does not in any way inteifeie with the piocess of callus foimation, and 



Fir 6 — (A) Infected compound fncture of two months durntion, treated bj skeletal traction in 
plaster encasement, resultant malposition and nonunion Correction impossible by manual force or 
traction (B) Condition five months after correction and fi-vation by vitallium plate through infected field 
Position IS maintained no osteoni>elitis No absorption about screws despite infection Union practi 
cally solid 

maintenance of position with lack of movement between the fragments shoi tens 
the time required for union 

USE or VITALLIUM PLATES FOLLOWING CORRECTION OF DEFORMITY IN OLD 
INFECTED COMPOUND PRACTURES 

Encouraged by the results which we have obtained in the group of acute 
compound fractures, we have in a few cases undei taken the conection of 
malpositions in old infected compound fractuies with persistent drainage 
Since the opeiation is of necessity earned out through an infected field 
sulfanilamide is given seveial days pieviously We have been impressed with 
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the appaient value of this diug as a piophylactic measure m acute compound 
fiactuies and m reconstructive opeiations in which leactivation of an old 
infection appeals piobable 

In ordei to minimize the danger of sequestiation of the ends of the fiag- 
ments lesulting fiom distuibance of the blood supply by the mobilization 
necessaiy to i eduction, stiippmg of the periosteum and soft tissues fiom about 
the fragments should be lestncted so far as possible In compound fiactures 
m malposition, nonunion is common, and union is always delayed Gross 
defoimity and seiious distuibance in function are inevitable 

COXCLUSIONS 

Vitalhum was fiist used m the manufactuie of dentuies, wheie resistance 
to infection and coiioding secietions was essential Its negligible electrolytic 
action, as pioved by the lack of inflammation in the tissues about these plates, 
and the absence of absoiption of bone about the sciews, has made vitalliuxn a 
dependable mateiial foi the fixation of fiactuies even m the piesence of gioss 
infection It is not contended that the use of vitalhum foi intei nal fixation in 
infected compound fractuies will pi event the spiead of infection of the seques- 
tiation of devitalized poitions of bone Both expei iinental and clinical evi- 
dence, howevei , indicate that vitalhum will aid m reducing these complications 
to a minimum, and that the sciews will hold the plate fiimly m position, 
pi eventing displacement of the bone fiagments until union is film 

Discussion — Dr Charles Venable (San Antonio, Texas) I cannot 
expiess to you how gratifying it is to see what I hoped would be tine, espe- 
cially as Doctor Speed and Doctoi Campbell have always been opposed to 
haidwaie I agiee entnely with what Doctor Speed has to say about the 
selection of cases, m old ununited fractures m which the bone ends are 
ebomzed, I think the bone graft is prefeiable I feel the field is open Indeed, 
we have introduced vitalhum caps in cases of ankylosed hips, with gratifying 
success, and hope, with the experience of otheis giadually taking up this 
piocedure, we may find m the couise of time that we may save not only time, 
but may lessen the postoperative disability in ai tin oplasties , also that w^e 
have simplified the pi ocedui e and put it m a field that may lead to many more 

Dr Edgar L Gilcreest (San Fiancisco, Calif ) I believe that the intro- 
duction by Doctoi Venable of vitalhum in the tieatment of fiactures is epoch- 
making It IS the first metallic substance w^e have evei used for the internal 
fixation of fiactures which is noniii Rating The toleiation of vitalhum by the 
bone and the sui rounding tissues, as showm so clearly by Doctoi Venable’s 
experimental and clinical expei lence and by the interesting group of cases of 
Doctors Campbell and Speed, leaves no doubt that this metal wnll be used 
moie and moie I admit that it does give the surgeon a feeling of assuiance 
that he never had before, which could be compared to the cool confidence the 
Chiistian has wflio holds four aces* 

It IS heie, how^ever, that the danger lies, and that a note of w^arning should 
be sounded Because it is nonirritatmg it wall be used too often wdien not 
indicated Always the pendulum swnngs too far, human nature running true 
to foim We should remenibei that the basic and fundamental principle in 
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the treatment of fiactures does not change and that is that all fiactures, if 
possible, should be treated immediately by a nonopeiative method In 1922, 
I read a paper befoie this Association emphasizing this point, and through 
the years since then I have become more convinced than evei of the sound- 
ness of this view I hope, theiefore, that the unwarranted use of this very 
valuable metal, for which the piofession is indebted to Doctor Venable, will 
not bung it into disrepute which, unfoi tunately, so often happens 

Dr J S Spued (Memphis, Tenn , in closing) I would like to emphasize 
again that the method of open reduction of fiactuies and the use of internal 
fixation should be undertaken with gieat caution, to avoid the many serious 
complications which accompanied the oiiginal adoption of the older Lane’s 
plates The opeiation is not a minor procedure, and should be performed 
under the most 1 igid conditions of surgical asepsis The use of vitallium plates 
m connection with fiesh 01 old compound fiactuies must be guided by that 
judgment which comes from expeiience in handling these cases 



BRIEF COMMUNICATIONS 

ARTERIOVENOUS ANEURYSM OF THE NECK, UNTREATED* 

John M Hanford, M D 
Neav York, N Y 

Case Report. — A female, age 35, presented herself at the Vanderbilt Clinic m No- 
vember, 1934, complaining of a lump in the left side of the neck of nine years’ duration 
She had first noticed this three months after a confinement, when it grew rapidly for 
a few weeks Since that time it had grown slowly In 1931, a separate small nodule 
was noticed The swelling was unaccompanied by pain or tenderness She has four 
children, living and well, and has had three miscarriages Tonsillectomy was performed 
in 1922, prior to which she had had tonsillitis In 1923, she was said to have had 
“sprue,” of which no symptoms remained There was an abscessed tooth in 1931 Other- 
wise her past history was negative She has had no upper respiratory infection or loss 
of weight However, she had been in contact with her mother who died of tuberculosis 
Physical Exaimnahon — There is a hard, nontender mass, 8 by S cm in size, on 
the left side of the neck, beneath the sternocleidomastoid muscle, which is movable lat- 
erally but not vertically A definite systolic thrill and bruit are observed over the swell- 
ing Below this IS a smaller nodule, about i by 2 cm in size The isthmus of the thyroid 
gland appears nodular and there is a nodule on the right The trachea feels displaced 
slightly to the right There is a bruit also over the right carotid artery It has been 
noted that the bruit could be obliterated by compression of the lower part of the left 
common carotid artery Except for diminished resonance over the right apex, other 
examination is negative The bruit is heard as continuous — never ceasing 

Laboiatoiy and Roentgenologic Data — Wassermann negative Hemoglobin 68 per 
cent Red blood cells 4,400,000 White blood cells 8,200, polymorphonuclears 53 per 
cent, small lymphocytes 41 per cent, large lymphocytes S per cent, eosinophiles l per 
cent The urine shows a faint trace of albumen, many pus cells, moderate epithelial 
cells Roentgenologic examination of the chest shows peribronchial thickening in both 
upper lobes, with scattered semicalcified lesions at both apices There is thickening of 
the overlying pleura Nothing is seen which can be interpreted as fresh infiltration A 
film of the cervical soft tissues shows no evidence of calcification 

This is thought to be a remarkable case of apparently nontraumatic or congenital 
arteriovenous communication in the left side of the neck There are also nodules m 
the left side which are thought to be unrelated to the aneurysm and which are con- 
sidered to be possibly tuberculous lymph nodes or lateral aberrant thyroid nodules, as 
the lower ones appear to be close to the thyroid gland After compressing the left 
common carotid for only half a minute, the patient felt dizzy and noticed numbness in 
her 1 ight arm 

In December, 1934, aspiration over the site of the bruit on the left yielded 5 cc of 
blood, intermediate in color between arterial and venous Roentgenologic examination 
of the neck following “skiodan” injection showed “Two films are of some aid in diag- 
nosis out of a total of se\en Apparently the ‘skiodan’ injected into the mass in the 
cervical region has outlined, at least partially, an aneurysm sac, together with a tor- 
tuous vessel, lying medial to and above it, and one lying more lateral and posterior to 

=’■ Presented before the New York Surgical Society, April 13, 1938 Submitted for 
publication May 31, 1938 
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It These I would judge to represent the artciy and the van It looks as though a 
clot may be displacing the ‘skiodan’ within the aneurysm ” (Dr Swenson ) A roentgeno- 
gram of the heart showed “The measurements, at two meters, are MR 23 ML 74 
TD 97 GV 5 2 Internal diameter of the chest 240 This shows no abnormality of 
the cardiac contour 01 size The old minimal calcified tuberculous lesions 111 the apices 
are noted ” (Di Abbott ) 

Tile patient was urged to practice compression on the left carotid aitery daily and 
was sent home, to return later for operation, if found necessary after subsequent 
examination 

She has been seen off and on in the clinic since then Shortly after leaving the 
hospital, it was found that slie could stand compression for a longer period than when 
she left She apparently did not practice the compiession as often as we wished, due 
to lack of time In Januar^, 1935, I was impressed with the remarkable decrease in 
the neck swelling (t c , the aneurysm) during compression below 

In April, 1935, there had been no advance of the neck disease and the patient pre- 
sented no evidence of cardiovascular damage At that time, I felt inclined toward the 
diagnosis of lateral aberrant thyroid nodules with a coincident vasculai anomaly m the 
form of an arteriovenous communication, and advised against operation for the time 
being Three months later, I felt inclined to the diagnosis of lateral aberrant thjwoid 
nodules, nontoxic nodular goiter, and congenital arteriovenous aneurj'sm In November, 
t 93 Si ^T>y note reads “No change I am even more inclined to the diagnosis of nontoxic 
adenoma of left lobe of the thj'roid gland, of aberrant thvroid nodules, and of congenital 
arteriovenous fistula ” 

Since then the patient has been seen eveiy two or three months until the present 
time (1938) She has had several colds, sleeps poorly, and is continuously overtired, 
apart from which there has been no essential change in her neck or general condition 
since she was first seen by us in November, 1934 In view of this, operation has been 
postponed indefinitely 


Comment — It is possible that the fiim mass felt in the neck is a throm- 
bosed 01 partially thrombosed (and by now piohably oiganized) aneurysmal 
sac This theory is suppoited by the 1 oentgenologic study with “skiodan” 
Duiing a peiiod of thiee and one-half years of obseivation, with a total his- 
toiy now of twelve and one-half yeais of swelling in the neck, it does not 
appeal probable that the fistula will cause haim The nodules, however, espe- 
cially if aberiant thyioid nodules, may become malignant and peihaps foi 
this leason operative removal is advisable 


Discussion — Dr Wm DeW Andrus (New Yoik) felt that the audible 
muimui would ceitainly seem to he of the type one would expect to find m 
an ai tei lovenous aneuiysm However, it lacks one sign distinctly character- 
istic of abnoimal aiteiiovenous communications of the duiation of this 
patient’s lesion , namely, dilatation of the sui loiinding veins In the two cases 
of abnoimal arteiiovenous aneurysm of the neck seen by Doctoi Andrus, both 
congenital the dilatation of the veins of the neck was a staking featuie in 
this particular case, he felt that diagnosis rests between an aiteriovenous com- 
munication and a simple aneuiysm, possibly here associated with some clotted 
blood 01 partial clotting in the sac Also, although distinctly moie rare than 
tinieurysm, one mSst consider a carotid body tumor, very vascular m 

'““Dklo, And.us clecl a case ,n wh.ch he pe.foimed jj" 

for what was felt to be a carotid aneuiysm and which was characteiized by 
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an expansile pulsation, and a muimur not nearly as loud or lough as tins or 
quite so continuous The patient died lo months aftei opeiation, and at 
postmortem examination, was found to have a veiy vascular caiotid body 
tumoi So fai as the suigical attack on this case is conceined, since the 
mass has not enlaiged m the past two oi tliiee years, one might be tempted 
not to opeiate for the time being, but Doctor Andius felt it would piobably 
be necessaiy to opeiate eventually If it should piove to be an aiteriovenous 
aneuiysni, double ligation and division of the canal of communication would 
be the ideal proceduie, but if this is not possible, quadiuple ligation with ex- 
cision of the fistula-beai mg portion of the vessels should be attempted In 
aneuiysms of this region Doctoi Andrus said he piefeis to ligate the external 
caiotid and put an aluminum band on the common caiotid If any evidence 
of ceiebral anemia supeivenes, the band can be removed — making the ob- 
literation tempoiary 

Dr John M Hanford (closing) In this patient, the roentgenogi ams 
showed a cavity, and when the “skiodan” was injected, theie was a definite 
space with some dilatation, appaientty It was thought that the needle was 
111 a vascular space because semidaik blood, that looked like a mixture of 
aiteriovenous blood, was obtained This would seem to indicate that theie 
was a cavity, and aigue against a caiotid body tumoi It is possible that the 
lesion IS a simple aneuiysni, but it does have the chaiacteiistics of an aiteiio- 
venous type of lesion 


ANEURYSM OF THE EXTERNAL CAROTID ARTERY 
WITH CAROTID SINUS REFLEX 

Case Report — A male, age 50, presented himself at the Vanderbilt Clinic m March, 
1936, complaining of a small lump m the right side of the neck of about eight months’ 
duration Eighteen months prior to this, while stoking a boiler, he felt a sudden sharp 
pain 111 the right side of the neck, below the mandible, in the region of the present lump 
He became dizzy and had a choking sensation, but did not collapse, he had to he down 
and rest He was conscious of a thiobbing pain in the neck and temples, which grad- 
ually abated After that time he had frequent similar episodes, which came on chiefly 
at night without apparent cause He had had some precordial pain and slight dyspnea 
during this period With these transitory attacks he also had dizziness, pain in the 
temples and right side of the neck, and flushing of the face and neck, mostly on the 
right side He had not noticed that local pressure induced an attack 

His past history was essentially irrelevant He had had attacks of malaria while 
on military service in India, Africa, etc (1906-1919), and had had a bilateral ligation 
perfoimed for varicose veins in 1930 

Physical Examination — A generally health} man presented a pulsating mass, about 
2 5 cm in diameter, j ust in front of the carotid bulb in the right side of the neck at 
the level of the upper border of the thyioid cartilage The face and neck were some- 
what flushed, though not maikedly Compression of the common carotid artery m the 
lower part of the neck obliterated the svelling and almost obliterated the pulsation 
Piessure upon the mass produced no symptoms, except that it was shghth tender Ihe 
general examination revealed a slightly enlaiged heart and a blood pressure of 145/90 
Complete neurologic and ophthalmologic examinations vere normal The Wassermann 
was negative Blood count essentiallj' normal Roentgenograms of the chest and neck 
showed no abnormality There was a slight widening of the heart shadow Blood urea 

133 



JOHN M HANFORD AnnHsofSurgerj 

J u 1 j 1 9 d a 

nitrogen, 17 mg per 100 cc Pulse, 72 Pieopaattve Diagnosis Small aneurysm of 
the facial or external maxillary artery 

Opeiation ^April 30, 1936 Under local anesthesia, through a small, obliquely hori- 
zontal incision, the carotid bulb was exposed and a small, cylindrical dilatation of the 
first part of the external carotid artery found The carotid bulb itself was normal 
The cylindrical dilatation measured about i cm in diameter and 2 cm m length A 
No I Deknatel” silk ligature was tied about the proximal portion of the external 
carotid arterjq and a similar one about the origin of the superior thyroid artery, and 
a third one about the external carotid just above the aneurysm The artery was not 
divided Small vessels were ligated with fine black silk and the wound closed in two 
layers with fine silk 

Subsequent Com sc — After a satisfactorj' postoperative course, the patient left the 
hospital on the third day, and when seen two weeks later felt “100 per cent better,” 
and no longer felt the throbbing or the dizziness His face was less ruddy and he had 
no pain 

He returned for occasional examination In May, 1937, about one year after the 
operation, he felt a sense of swelling in the throat and noticed a rash over his neck, 
shoulders and upper chest He again had a thorough study in the Medical Clinic, in- 
cluding a roentgenologic study of the chest, and a basal metabolism test The only 
significant finding was a somewhat higher blood pressure In February, 1938, 22 months 
following operation, the neck presented a definite prominence of the carotid bulb, which 
had not been present before the operation, but no symptoms developed when the bulb 
was pressed upon Blood pressure, 164/100 The chief complaint was the diffuse redness 
of the neck and upper chest, which was passed upon by the Dermatology Clinic, with 
the conclusion that the redness was an erythema due to some vasomotor disturbance 

During a recent study in the Medical Clinic, Doctor Southvvorth suggested 
that this patient might have a sensitive caiotid sinus reflex and, although the 
clinical picture is not typical of this condition, it is veiy possible that this case 
IS an example of a sensitive carotid sinus leflex, induced, perhaps, by the 
dilatation of the external carotid arteiy, which acted as a local abnormal con- 
dition to produce the pictui e The typical symptoms, not all present in every 
case, are Transitory pallor followed by flushing of the face and neck, faint- 
ing, dizziness, convulsions, a fall in blood piessuie and slowing of the heait 
These symptoms, characteristically, are caused by direct pressure on the carotid 
sinus or bulb, but also are known to occur spontaneously 

The presumption is that the operation leheved the patient tempoiaiily, 
but that he developed symptoms later, due to sensitive carotid sinus reflex 
associated with advancing cardiovascular disease Since the operation, he has 
not had dizziness The benefit derived fiom the operation may be attributed 
to the elimination of the aneurysm as a source of pressure, or to a paitial 
denervation of the carotids at the bifurcation 

From a study of the reseaiches of Weiss and his co-workers,^ ^ the follow- 
ing observations have been abstracted for the purpose of adding to the interest 
of this clinical presentation The caiotid sinus is the same thing as the 
carotid bulb, or the normal dilated portion of the common carotid just at 
and below its bifurcation The carotid sinus and probably also the adjacent 
parts of the internal and external carotid arteries aie richly supplied with 
sensory receptors terminating in characteristic menisci These menisci, par- 
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ticularly iich in the adventitia, emeige fiom the vessels as spiral fibeis and 
leave the vessels as the carotid sinus nerve of Hering, oi the intercarotid 
nerve of de Castio This nerve (or nerves) joins the glossopharyngeal neive 
and probably otheis, including the sympathetic Theie is thus foimed an affer- 
ent, direct connection with the medullaiy centers 

A small numbei of peisons have a sensitive or hypei active caiotid sinus 
leflex A local pathologic condition, it would appear, may induce such sen- 
sitivity, 01 increase the degree of sensitivity in a patient alieady sensitive 
The 1 espouse to piessuie upon the sinus, generally speaking, is greater in 
persons with hypertension, and still greater in persons with arteiioscleiosis 

REFERENCES 
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Discussion — Dr Beverley C Smith (New Yoik) remarked that the 
symptomatology of the case piesented is of particular interest m view of the 
pathology and its site Clinically the patient showed symptoms of an hypei - 
active carotid sinus reflex The carotid sinus plexus derives afferent fibers 
from the ganglion nodosum of the vagus and the glossophaiyngeal nerves 
These terminate in sensory end-organs m the wall of the carotid bulb Affer- 
ent fibers aie derived from the superior ceivical sympathetic ganglion These 
aie postganglionic fibeis and follow the external carotid and middle meningeal 
aiteries, innervating the meninges, and their stimulation produces meningeal 
and cerebral vasoconstiiction and transient pain Hering and Heymans re- 
cently established that the carotid sinus is an important secondary mechanism 
conti oiling cardiosvascular and respiiatory activity They showed that it 
plays a pait in the regulation of blood pressure, in that, in normal arterial pres- 
sure an elevation m piessuie in the carotid bulb of 10 to 20 Mm of water pro- 
duces marked fluctuation in the systemic blood pressure Increased carotid sinus 
pressure causes a lowering m the systemic pressure, and with pi essures above 
200 Mm of mercury, and below 50 Mm of mercury, the reflex control and 
vasomotor tone disappear The fall m the systemic blood pressure, following 
increase in the carotid blood piessuie, was accompanied by increase in the size 
of the spleen and intestines, a diminished rate of blood flow and increase in 
cardiac volume Perfusion of the carotid sinus with blood containing vary- 
ing concentrations of CO2 and other weak acids accelerated respiration Per- 
fusion of the isolated sinus, with adrenalin, changes the rate and f 01 ce of the 
heart beat Bronk (1931), using a string galvanometer attached to the sinus 
and a vacuum tube amphfiei, showed that a burst of nerve impulses accom- 
panied each cardiac cycle which was coincident with a rise 111 the carotid 
piessure This action of the sinus was similar to that of the depressor 
cardiac nerve and tended to prevent high blood pressure or very rapid heart 
beat 

Weiss and Baker (1934) described a syndiome and recurrent syncopal 
attacks which they attiibuted to an ovei active carotid sinus reflex They 
desciibed fainting, and convulsions fiom ceiebral anemia follow ing this stimu- 
lation In their case, digital compiession of the carotid bulb induced similar 
symptoms to those of the patient’s spontaneous attacks 
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The following types of leflexes fioin slinuilation of an overactive carotid 
sinus have been desciibed 

(1) Asystole oi sudden pulse slowing with or without a fall m blood 

presstiie ^ 

(2) A fall in blood piessuie, without cardiac slowing 

(3) Fainting and convulsions, without maiked alteiation 111 heait beat 
01 blood piessuie 


(4) Complete heait block, tempoiaiy ventiicular asystole with auriculai 
contraction, nodal ihythm, ventriculai exti asystoles, changes in the electro- 
caidiogiaphic T-wave, and complete inveision of the electrical axis of the 
heai t 


The effeient aic of this reflex, which was ovei the vagus, can be blocked 
with atropm Novocainization 01 lesection of the sinus neives pi events the 
diop of blood piessuie, fainting and convulsions following its stimulation 

Pciiaiteiial s5nnpathectom3'^ of the common carotid bifui cation as well as 
of the lower portions of the caiotid aitenes have lelieved the s3nnptoins of 
ovei active sinus 

White has lepoited, fiom Massachusetts Geneial Hospital, a group of 
cases with this S3mdioine, tieated by peiiarteiial S3nnpathectomy, and in one 
of these cases, with a S3^stemic blood piessuie of 200 Mm of mercui3f, digital 
compiession of the carotid bulb pioduced a fall of blood pressuie to 140 
Mm, and a chop in pulse late fiom 100 to 60 No electrocardiographic 
changes occuiied Sustained piessure over the caiotid bulb caused deep flush- 
ing of face and pain in the aims of the compiessed side, and after 20 minutes 
the patient lost consciousness and had a left-sided convulsion Following 
novocaine injection of the caiotid bulb sinus legion, the s3miptoms could not 
be repioduced by the same piessuie His patient was leheved of s3miptoms 
by a peiiaiterial sympathectoin3’^ 

The case presented is one of an aneui3'sm at the origin of the external 
carotid arteiy, which involved the fibers of the sympathetic neives of the bulb 
region The patient’s dizziness, piecoidial pain, slight dyspnea, pain m his 
temples and light side of the neck, and flushing of his face as well as the 
induction of these symptoms by piessuie ovei the carotid, have ceased since 
the ligation of the aneurysm 


MALIGNANT HEMANGIO-ENDOTHELIOMA OF THE NECK 

Case Report — A male, age 25, presented himself at the Vanderbilt Clinic 111 Oc- 
tober, 1937, complaining of a “growth at the base of the neck ” He stated that about 
two years prior to this he first noticed a firm, nontender lump, the size of a marble, m 
the right supraclavicular region of the neck and, until about three months ago, this had 
not troubled him in the least At that time he was suddenly seized with a dull aching 
pain in the right shoulder, which radiated down his right arm This pain persisted for 
about three weeks and was accentuated by motion in the shoulder joint By this time 
the lump had increased 111 size, so he said, to approximately that of a tennis ball 

He gave a history of uncomplicated typhoid fever ten years previously , occasional 
sore throats, sinusitis three years ago, and hay fever for the past seven jears He had 
had a tonsillectomy performed 14 years previously, and a tonsil and adenoid remova 
two or three years before, as well as removal of a turbinate from the nose 

Physical E^aminalton—A diffuse, firm, rounded mass, about S cm in diame er, 
was palpable m the right supraclavicular region, which was slightly elastic, sligi y 
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fluctuant and only slightly tender It was movable, but not freely so The right sub- 
occipital lymph nodes were also slightly enlarged, but not tender There was a normal 
blood count, and roentgenograms of the chest and right shoulder were negative The 
blood Wassermann was negative 

It was impossible to arnve at a definite diagnosis, the question of neoplasm, Hodg- 
kin’s disease and tuberculous lymphadenitis of the cervical nodes were considered 

Operation — November 24, 1937 An obliquely transverse incision was made cor- 
responding to a crease m the neck, about 2 or 3 cm above the clavicle and deepened 
through the platysma and subjacent fat and descending cutaneous branches of the cervical 
plexus After reaching the tumor, it was removed by alternately sharp and blunt dis- 
section The vessels were ligated with fine catgut and the wound closed with fine catgut 
for the platysma and interrupted fine silk for the skin 

Opoatwe Pathology — The tumor was soft, but did not fluctuate It was veiy 
vasculai and had the appearance of a purplish plum on the surface, and, indeed, also 
on cut section It was circumscribed, although licre and theie moderately adherent by 
fine fibrous adhesions to the surrounding structures It lay quite deep in this region, 
the lower part of it lying beneath the middle of the clavicle It was not attached to 
any laige vein During its removal a segment of it was cut out for frozen section 
Doctor Stout reported that he felt convinced it was not tuberculosis, lymphosai coma, 
or thyroid tissue He could not tell what it was A small lymph node attached to the 
tumor was removed with it There weie no other lymph nodes or masses encountered, 
and it Avas impossible to tell whether this mass was single or made up of two or three 
conglomerate nodes It measured about 5x4 cm aftei remOA'al, and had a smooth surface, 
though grossly nodular 

Pathologic Examination — lltcioscopic Sections show that the tuinoi is made up of 
innumerable, small vascular spaces, most of which contain red blood cells They are 
lined by large, swollen endothelial cells which in many aieas reach a size of four or 
five times their normal dimensions These cells are heaped up and sometimes almost 
fill the lumina They also appear in places to have prolifeiated outside the lumina A 
considerable search indicates that mitotic division must be veiy rare, since mitoses are 
not found oftener than one in 25 high power fields At its periphery, the growth seems 
to be confined by a capsule This is penetrated by blood A'essels at intervals, but these 
vessels are lined by 1101 mal appearing endothelial cells Accompanying the tumor and 
attached to one end is a lymph node which has dilated sinuses filled Avith red blood 
cells At one point in the maiginal sinus is a gioup of tumor A'essels This is at the 
end opposite the attachment of the tumor and must represent an invasion, or, more 
probably, a metastasis This seemed to the pathologist to be a definitely malignant 
vascular tumor, the active elements of which are the endothelial cells The question 
of terminology is a difficult one because of the great variety of names used for the 
malignant vascular tumors and the lack of accepted criteria for them According to our 
classification, in this laboiatory, this AA'ould be called a hemangio-endothelioma, because 
It is a vascular tumor in AA'hich the important malignant cells are atypical endothelial 
cells Pathologic Diagnosis Hemangio-endothelioma of supraclavicular region Asith 
metastasis to a supraclavicular lymph node 

The patient made an uneventful recoA'ery, but in vicav of the diagnosis and the 
possibility of malignancy, it AA'as advised that a loAver neck dissection be performed 
According!}', on December 27, 1937, about one month after the first operation, a lower 
right, radical neck dissection, according to the technic of Dr George H Semken, A\as 
performed 

Pathologic Examination — Mici oscoptc Sections of tAAO of the hmph nodes removed 
shoAV that there is a rather Avidespread fine fibrosis AVith Ijmphoid hiperplasia and dila- 
tation of the lymph sinuses, but no eAudence of the angiomatous groAAth Sections taken 
from different parts of the cicatrix shoAV that there is an unusual amount of scar tissue, 
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which encloses many groups of foreign body giant cells, which have apparently phagocyted 
fragments of catgut, and are surrounded by an adult granulation tissue infiltrated with 
many lymphocytes and other inflammatory cells Here, also, there is no evidence of 
tumor Pathologic Diagnosis Cicatrix of supraclavicular region and chronic supra- 
clavicular lymphadenitis 

Subsequent Couise The patient made an uneventful recovery from the second op- 
eration, and when seen six weeks later, the wounds had healed, a slight degree of 
trapezius paralysis was noted Three months after operation, after the patient had 
been working for three weeks, he felt fairly well but complained of not gaining weight 
and of slight tenderness and numbness below the clavicle At this time the scars were 
red but smooth, and the cosmetic result, excellent The right trapezius is not paralyzed 
and there is no sign of neoplasm or enlarged lymph nodes 

Local, legional oi distant metastases may, however, appear m this patient, 
so that frequent follow-up visits, with thoiough physical examination, are 
advisable 

Di Arthui Purdy Stout, after a study of the subject, both from his own 
material and fiom the literatuie, has classified malignant tumors of the 
vascular stiuctures of the extremities This classification is applicable largely 
to other anatomic paits The list is composed of the following tumors 
Hemangiosarcoma, angiomyosarcoma, angio-endothehoma, malignant angi- 
oma, proliferative angiomatosis and malignant tumors of blood vessel walls 

The case herein reported appears to fall into the class of (angio) hemangio- 
endothelioma, presenting lawless giowth of endothelial cells and involvement 
of a lymph node by metastasis from the tumor 

Discussion — Dr George T Pack (New York) The location of an 
hemangio-endothelioma m the neck, as illustrated in the case cited by Doctor 
Hanford, is quite unusual in our experience These rare tumors seem to 
occui more frequently in the lower extremities, especially in individuals who 
have vaiicosities Doctor Ewing considers venous stasis a possible etiologic 
factor Such venous stasis may lead to endothelial overgrowth, sometimes 
benign and papillary, within the lumen and in other instances to solid endo- 
theliomata, capable of metastasizing to lymph nodes and viscera 


CAVERNOUS HEMANGIOMA OF A CERVICAL NER^TS 

Case Report — A married woman, age 37, presented herself at the Vanderbilt Clinic 
m July, 1934, complaining of a lump in the neck of one year’s duration, which was 
gradually increasing in size There had been no inflammation, tenderness or pain Ex- 
cept for general lassitude and frontal headache over a period of ten years, she gave a 
negative history Her mother died of cancer and a sister of tuberculosis She had had 
two normal pregnancies 

Physical Examination— A poorly defined mass, approximately 3 cm in size, was 
found deeply placed in the left lower cervical region The question of lipoma, sarcoma, 
and cervical lymphadenitis were considered Laboiatoiy Data Urine negative Was- 
sermann negative Hemoglobin 90 per cent White blood cells 6,000 Red blood cells 
4,500,000 Polymorphonuclears 50 per cent, lymphocytes 42 per cent, basophi es 2 per 
cent, ’ eosinophiles 6 per cent Roentgenologic examination of the chest revealed some 
old tuberculosis in the right upper lung Tentative Diagnosis Lipoma 

Ope, atwn— An ill-defined mass, about 2 by 3 cm, was exposed in the posterior 
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triangle of the left side of the neck just above the clavicle It proved to be a soft 
vascular tumor in intimate contact with one of the cervical nerves, probably the fifth 
No enlarged lymph nodes were encountered The tumor was found Ijmg just beneath 
one of the deep muscles, which was split longitudinally in order to reach it When well 
isolated, a fairly good-sized nerve was discoveied leading into it and away from it 
Because of the fact that this nerve was probably an impoitant component of the brachial 
plexus (apparently the fifth cervical nerve), it was thought unwise to attempt to lemove 
the tumor for fear of damaging the nerve and causing a paralysis of the arm The 
tumor was accordingly incised and a small portion of its mteiior removed foi biops} 
The capsule of the tumor was then closed and the muscles sewed togethei over it, 
the skin was then closed with inteirupted silk sutures aftei a small goiter tube dram 
had been placed m the recesses of the cavitj 

Pathologic Exmmnatwn — Mtcioscopic Di A P Stout Micioscopic section revealed 
a large number of branching blood channels, many of which have thick walls These walls 
are mainly fibrous, though smooth muscle fibers are irregularly encountered in them Thei e 
IS some recent hemorrhage The remaining tissue is dense fibrous connective tissue 
with few cells and no evidence of inflammation The collagenous strands are jammed 
together No nerves or neive sheaths can be made out in this section With Laidlaw's 
silver stain the cells are silver negative and very few fine leticulin strands aie present 
These are wrapped around the cell-containing spaces Large pinkish, close-packed fibrous 
stiands are predominant throughout the tissue Pathologic Diagnosis Venous lacemose 
aneurysm ( ^) of the fifth cervical nerve 

Pathologist’s Discussion — “We are somewhat at a loss to inteipret these findings 
Apparently the lesion is essentially a vascular one and the vessels concerned in it are 
of the nature of v^eins or venous spaces which probably communicate one with the other 
They are all atypical in appearance and aie bound together with dense fibrous tissue 
so that they do not have definite, recognizable walls I do not believe that it is a simple 
telangiectasis because of this bizarre appearance I believe that the lesion is entirely 
benign ” 

Final Diagnosis Venous cavernous hemangioma 

Subsequent Com sc — The patient made an uneventful recoveiy, and when seen thiee 
months later still had a lump m the neck, but no symptoms otherwise It was thought 
that the tumor might respond to some kind of radiotherapy The patient has been seen 
occasionally since She seems to have had no further neck trouble, her chief complaints 
being continuation of the frontal headaches, general malaise and coldness in the ex- 
tremities A basal metabolic study made in December, 193S, gave a —10 rate Meno- 
pause symptoms may explain the picture 

In March, 1938, a small nodular tumor, about 2 cm m diameter, was discovered 
m the right breast Although believed to be benign, it was recommended that the 
tumor be removed as soon as possible and a section taken to determine its pathology 
This will be undertaken shortly The mass in the neck remains apparently unchanged 

Few cases of hemangioma of nerve trunks have been repoited In I935>^ 
only eight cases had been found Five of these weie definitely cavernous 
hemangiomata and possibly two of the otheis, the desciiptions being inade- 
quate for classification 

An apparently simple hemangioma may become locally mtasive and de- 
structive and even may metastasize to distant points 
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may not be a coincidental inclusion The Telitwmlm nf V‘'’ 
nant vascnlai tumors to the centi;,! V i T ^ ^ 

ouslyvaiietlandinyresSnf cCeinHI ben? ™"- 

have tire identical somatic^disti ibS ! t 

ssf=™-i=s=s 

specific legional lelationship is iHustiated in the pecuhai von Hippel-l^ndSs 
disease, an eponym foi angiomatosis of the letma and ceiebellum The liis 

IttSrolTe’slT, " iwo^it "riveln^o,™ 

n u 1 subcutaneous tissues Tlie tumor of the glomus is 

a smal bluish nodule occuiimg usually on the hands oi feet, sometimes in 
the nai bed It causes disability because of the extieme degree of pam which 

exoands'' mid "" congeiie of aiteiioles which 

expands and contiacts, and may have a function of legulatmg the flow of 

sinnW ^s do abundant sympathetic nerve 

pp y as do othei end-oigans, the pain caused by the tumoi is piobably car- 

led over aflfeient sympathetic fibeis Anothei tumoi which is thought to 
01 gmate fiom the neurociicuiatory annex is the multiple hemoirhagic sar- 
coma of Kaposi These tumors, which aie often quite tendei, vaiy greatly 
m then histologic make-up, so that diffeient nodules on the same patient may 
show such diffeient stiuctuies as angioma, neuiofibioma, angiosarcoma, endo- 
thelioma, hbiosaicoma, cfc , all valiants of the tissues involved at the site 
of oiigin 


CHYLOUS ASCITES 

REPORT OF THREE CASES 

Edwin P Buchanan, jM D 

PiTTSBunGir, Pa 

The occurrence of chylous fluid m any of the body cavities is a striking 
phenomenon Theie aie two mam causes for the leakage of chyle fiom 
the thoracic duct First, tiaiima producing a luptuie of the duct, and second, 
diseased lymph nodes pressing upon the duct, with i esulting extravasation of 
chyle into the pentoneal or pleuial cavities An occasional case has been 
lepoited fiom thrombosis of the left subclavian vein, fiom syphilis, nephiitis, 
cmhosis of the hvei and heait disease 

^ 935 ) Lille and Fox’^ could find only 46 cases of tiaumatic cliylothoiax 
in the hteiature, including one case of their own which lecovered af tei daily 
aspnations avei aging almost two liters, ovei a period of foui weeks, during 
which time the patient was put on a stnctly fat-fiee diet, with almost im- 
mediate cuie 

Submitted for publication June 13, 1938 
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In 1910, Wallis and Scholbeig^ made a veiy extensive study of chylous 
ascites fiom the biochemical standpoint, and collected all of the published 
cases The fiist lecoid of milky ascitic fluid occurimg m a diseased state 
was lecoided about 250 years ago “Pievious to 1850, theie were lecoided 
25 cases of milky peiitoneal efitusions,” and 111 the 60 years following, Walhs 
and Scholbeig weie able to tiace 173 cases, including thiee of then own In 
the 27 subsequent yeais, fiom two to five ai tides appealed in the literatuie 
on this subject each yeai 

Theie is much confusion in the liteiatuie legaiding the classification and 
differentiation of milky effusions The two types usually mentioned aie 
chylous and pseudochylous In the opinion of the wiitei the majoiity of 
these cases, whethei chylous or pseudochylous, aie due to a gi eater 01 lessei 
degiee of obstiuction of the thoracic duct 01 its ladicals Tine, the chemical 
analysis of the fluids vanes gieatly 

Blankenhoiiff concludes that the teini pseudochylous is misleading and 
should be discaided In his study of five cases of pseudochylous ascites, he 
has shown definitely that the milky coloi of the fluid is due to emulsified fat 
in veiy finely suspended pai tides Expeiimentally, by lemoving the cieam 
fiom dogs’ chyle and then exti acting a laige pait of the piotein, he was able 
to pioduce the so-called “pseudochylous” fluid His woik confiims that 
of Giandin 

Of the thiee cases heiewith repoited, one was on Di J W Robinson’s 
service and the other two weie peisonal cases However, it was my piivilege 
to treat Doctor Robinson’s case during his absence and to peifoim one of 
the aspiiations I am indebted to him foi pei mission to lepoit it 

CASE REPORTS 

Case I — Service of Dr E W zur Horst R W , female, age 46, was admitted to 
Mercy Hospital, Pittsburgh, February 24, 1930, complaining of abdominal distress and 
fulness of four months’ duration Her past history was essentially negative except foi an 
hysterectomy, presumably for fibroids, at age 32 

Physical Examination — The abdomen was markedly distended, flat to percussion, 
and exhibited a fluid wave A median operative scar extended from the symphjsis pubis 
almost to the ensiform Some edema of the ankles Chest negative Pulse, 76 Blood- 
pressure, 90/50 

Opel ation — Under local anesthesia, an incision about one inch 111 length was made, 
and 16 liters of milky fluid removed by aspiration Upon standing, this had the appear- 
ance of a mixture of 75 per cent milk and 25 per cent coffee After aspiration, a mass 
of consideiable size could be felt m the epigastrium and left hi pochondrium It vas 
quite tender, moderately fixed and seemed to involve the stomach A barium meal 
given three days later showed the mass to lie above and behind the stomach 

Bacteriologic and chemical analyses of the aspirated fluid showed no growth on 
cultuie Specific gravitj’', i 025 Positive reaction for fat ivith Sudan III Fat content, 
0 8 per cent 

On June 23, 1930, 13 liters of chjlous fluid were again aspirated from the abdomen 

On September 15, 1931, the patient complained of djspnea and abdominal fulness 
Roentgenologic examination show^ed a left pleural effusion with displacement of the heart 
to the right Four liters of chylous fluid w’ere aspirated from the abdomen and a 
similar amount of straw'-colored fluid removed from the left chest 
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On Marcli 6 1933, five liters of chylous fluid were withdrawn from the abdomen 

0 evidence of pleural effusion was noted, there was apparently a slight pleural thick 
ening 

On Apiil 19, 1935, the patient was readmitted to the hospital, complaining of pain 
in the left scapular region and lowci back of two days’ duration Temperature, 102° F , 
white blood cells, 13,700, polymorphonucleai leukocytes, 83 per cent, mononuclear 
leukocytes, 12 per cent, lymphocytes, 5 per cent Blood pressure, 108/72 Weight 
maintained at 190 pounds A mass was present 111 the left hypochondnum, the size of 
an orange No ascites was demonstrable Duliicss to flatness obtained over the lower 
third of the left chest 

On April 23, 1935, 750 cc of heavy chocolate colored fluid were aspirated from the 
left chest Pathologic Diagnosis Massive hemorrhagic pleuritis with effusion Sec- 
ondaiy carcinoma of pleura (?) (The second diagnosis wms predicated upon the 
finding of a few clumps of cells that were suggestive of columnar cell types ) 

The patient \vas discharged, much relieved, April 30, 1935, but was readmitted 
July 14, 1937, complaining of pain in the upper abdomen of two days’ duration This 
was sharp in character and not related to meals Attacks lasted one and one-half to 
two hours She had lost 20 pounds during the last two years, and suffered from 
dyspnea and palpitation on exertion 

Opeiation — ^July 16, 1937 Under local anesthesia, a short incision was made in 
the left upper quadrant, through which a large mass was disclosed, situated below 
the stomach along its greater curvature There were numerous nodules i to 2 cm 
m diameter on the parietal peritoneum The abdomen contained about three liters of 
chylous fluid A biopsy specimen was taken for histologic examination, the fluid 
aspirated and the wound closed 

Pathologic Exaviinalioii showed the presence of an undifferentiated tumor cell, from 
which it was impossible to infer the location of the primary lesion Diagnosis Ab- 
dominal carcinomatosis 

Analysis of the chylous fluid showed N P N , 26 7 mg , uric acid, 5 9 mg , creatimn, 
14 mg, and cholesterol, 118 mg per Joo cc , sp gr, 1018, coagulation, positive 
with heat and acetic acid, Rivalta test, positive, red blood cells and white blood cells 


present 

The patient was discharged July 24, 1937, and died September 8, 1937 No autopsy 
was obtained 

Case 2 — Courtesy of Dr J W Robinson E M , female, age 54, was aspirated 
by me August 30, 1930 Ten liters of yellowish chylous fluid were withdrawn from 
the abdomen through a short incision Previously, a biopsy of axillary and femoral 
lymph nodes showed lymphoblastoma (Hodgkin’s disease), and three weeks before I 
operated, eight liters of chylous fluid had been aspirated by Doctor Robinson In all, 
four aspirations were performed, each of eight to ten liters, at intervals of three weeks 
On October 10, 1930, she was discharged, and is thought to have died within a few 


weeks 

Case 3 — Service of Dr George Kastlin O S, colored, female, age 30, was 
admitted to Mercy Hospital June 24, 1934, with a history of having presented herself, 
seven weeks previously, at the Pittsburgh Skin and Cancer Foundation, complaining 
of abdominal distress, fulness and enlarged nodes on both sides of the neck Because 
of a strongly positive Wassermann reaction, she was given ii intravenous injections 
of neoarsphenamine Treatment was discontinued because the abdomen was constantly 
enlarging, and there was a rapid decline in her general condition 

On July 24, 1934, eight days before admission, I performed a biopsy on the 
cervical lymph nodes which showed caseous tuberculosis For 13 da3_s ^ ' 

mission, up until the time of operation, the temperature rose to 102 ^ eac day 0 - 

casionally to 103° F , pulse, 120 Roentgenologic examination of the chest showed 
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definite evidence of tubeiculosis Blood counts were practically negative except for a 
mild secondary anemia Wassermann Lipoid negative, cholestefm four plus Kahn four 
plus The abdomen was markedly distended and evidenced the presence of fluid There 
was a palpable mass of considerable size to the left of the umbilicus Pi copaative 
Diagnosis Tuberculous peritonitis 

Opeiation — August 6, 1934 On opening the abdomen, about four liters of chylous 
fluid escaped There was an enormous mass of retroperitoneal lymph nodes extending 
from the diaphragm to a point below the level of the umbilicus The intestines were 
free and the lacteals engorged There were adhesions about the spleen, which was 
very nodular There were small pinhead nodules over the surface of the liver, resem- 
bling miliary tubercles A large dermoid cyst of the ovary was removed, also a 
tubercle from the liver and a very small specimen from the retroperitoneal mass There 
was a little capillary oozing which could not be controlled by adrenalin applied locally 
Unfortunately the bleeding and coagulation time had not been determined preoperatively, 
but there was no jaundice or other reason to suspect a blood dyscrasia 

Following operation, there was enough bleeding from the wound to saturate the 
dressing The wound edges were separated but no bleeding point could be found 
Packing with thromboplastin and adrenalin was of no avail Death occurred 38 hours 
after operation, apparently due to hemorrhage in a debilitated subject 

Autopsy — On opening the abdomen, it was found to contain a model ate amount 
of bloody serum and clots The laboratory diagnosis was “eaily and late conglomerate 
and caseous tuberculosis of the lungs, liver, spleen, kidneys, fallopian tubes, and of the 
thoracic, cervical, mesenteric and retroperitoneal lymph nodes ” 

After removing the thoracic aorta, the thoracic duct was located Sma’l tuberculosis 
nodes were seen pressing upon it throughout its course and producing obstruction to 
methylene blue, which had been injected 

These thiee cases of chylous ascites aie of niteiest in that the piimaiy 
diagnosis in each was difteieiit — (i) caicinoma, (2) Hodgkin's disease, and 
(3) tubeiculosis The case with caicinoma was the only one that suivived 
any length of time It is lathei lemaikable that she should have lived almost 
eight years aftei the fiist appeal ance of ascites, and requiied only five tap- 
pings at increasing inteivals — 4, 15, 18 and 52 months After the fiist 
two aspiiations, when the amounts lecovered weie 16 and 13 liters, they nevei 
exceeded five liters and weie as low as thiee Duiing the entire peiiod she 
was kept fan ly comfortable until within a few weeks of her death 

CONCLUSIONS 

Repeated aspiiations would appear to be the logical tieatment of such a 
condition, when the piimary diagnosis m an mcuiable disease In 1912, 
Morse^ reported a case cuied by venopeiitoneal anastomosis Such an opeia- 
tion should not be perfoimed unless there is lapid reaccumulation of chyle 
after frequent aspiiations, and then only when the primary condition pro- 
ducing the obstiuction is a curable one 
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nEPORT OP A CASE POEEOWWG PRACTUEE AT THE MLHOW 
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G.ad„a,ty the,e ca„,e ato.,, .. app.=c,at,o!: 

j , T tT ' joints, a gieatly improved functional lesult can be 

oltamed Du,„.g the Wo.ld War, ntany f.aCu.es both the .ppT.Hi 

.T lhe lolZ'T T °' P'"-*™"'”". P^'-m.tled , pot, on 

in the joints Eaily motion m the t.eatment of fractures became almost a 

e ici IS, o couise, a fact that undei ceitam cncumstances mobilization 

o a joint near a fiactine may be instituted veiy eaily Foi instance, in an 

iincomphcated Codes’ fiactuie that is well i educed, motion in the wrist and 

fingeis may be begun within a week of the i eduction This is paiticulaily 

mipoitant in eldeily individuals in whom fibious ankylosis of the wust and 

nger joints is likely to occur Smiilaily m the tiealment of a well reduced 

and thoioughly immobilized fiactme at the shouldei , motion may be instituted 

dunng the second or thud week 

Sn Robeit Jones demonstrated that in the tieatinent of fiactiiies at the 
elbow in children, the fragments of the lowei end of the humerus can, after 
reduction, fiequently be effectively immobilized by acute flexion of the elbow 
The attitude of acute flexion has the finther advantage of limiting the 
amount of blood extiavasation m the antecubital fossa The oiiginal dress- 
ing IS left on for ten days, after which it is lemoved daily, gentle massage 
IS applied, the patient is encouiaged to move the elbow thiough whatevei 
range is painless, and the limb is again bandaged in acute flexion The 
voluntary, painless motion is gradually increased, and may become noimal 
01 nearly so at the end of six weeks 

Early motion at the elbow, or at any other joint, is contingent on the 
absence of complicating factors Furthermore, early motion m a joint ad- 
joining a lecent fracture is always to be voluntary and painless and never a 
passive, foiced or painful act Passive manipulation of a joint is permis- 
sible only when the fractuie is healed, that is, in the late stages, when there 
is reason to believe that there are adhesions, intra- or peri-articular, which 
restrict mobility And even in the late stages the manipulation must never 
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be forcible or rough, in order to avoid a seveie leaction, with liemoirliage 
and the foimation of new adhesions 

The case heiewith repoited exemplifies the potential haim of ovei- 
enthusiastic or, moie accurately, ill advised manipulation of a fiactuied elbow 
in the desire to obtain a satisfactoiy range of motion m a patient m vhom 
there was an inherent tendency to ossification of the toin biachialis anticus 
muscle Tiaumatic myositis ossificans is not common, piobably few ob- 
serveis see moie than thiee or four cases during an extensive suigical ex- 
perience Yet it occuis often enough, and has been desciibed sufficiently 
thoroughly foi us to have been acquainted with its clinical manifestations and 
theiapeutic requirements Traumatic myositis ossificans may occui anywhere 
in the body where theie is a teai of a muscle or a ligament An instance was 
lecently obseived by the writei, which occui led m the quadiiceps muscle fol- 
lowing repeated injuiies in pla3ang soccei It is, howevei, most fiequently 
found in the elbow joint following a fiactuie It is difficult to explain why 
it occurs at the elbow more often than elsewhere, foi the degiee of injuiy is, 
as often as not, more extensive m fiactuies at other joints Moieover, myo- 
sitis ossificans occuis in only a veiy small pei cent of the injuries in or 
near the elbow joint One must, therefoie, assume the existence m the par- 
ticulai patient of a peisonal idiosynci asy, the biochemic nature of which is 
not undei stood While, howevei, the pathogenesis of tiaumatic myositis 
ossificans is not yet compi ehended. its treatment is well known When once 
Its piesence is suspected and proven loentgenologically, the limb must be 
immediately piotected fiom furthei injuiy or iriitation It may be sufficient, 
as It was in the case of tiaumatic mjositis ossificans of the quadiiceps muscle 
above refeiied to, to keep the patient in bed, interdicting all but the slightest 
motion in the adjacent joints , oi it may be best, as m the elbow, to immobilize 
the limb m a iigid splint The rest affoided by the immobilization favois the 
absorption of all or most of the calcific deposit, the lesoiption of the ex- 
travasated blood, healing of the tom muscular and ligamentous tissues, a lapid 
reduction of the swelling, and a return of the mobility of the elbow, except 
that degree resulting fiom the mechanical block of that portion of the cal- 
cified tissue which has become ossified The eaiher the lesion of traumatic 
myositis ossificans is piotected, the moie thoroughl}'- and the more rapidly 
will the [pathologic piocess subside Seiial roentgenogiams of the lesion will 
show the gradual but continuous disappearance of the shadow of the calcified 
tissue, leaving only a spui oi spicule of bone or peihaps no tiace of its oc- 
currence Naughton Dunn,^ in commenting on this comjplication of supra- 
condylar fractures of the elbowq states “Passive movements, ahvays contra- 
indicated in mjuiies to the elbowq wull increase the formation of new bone 
The essential treatment is to continue lest of the joint m the position of 
flexion until the bony deposit has reabsoibed or has completed its ossification ” 

Case Report — R G , female, age 5, was examined m October, 1936 Three months 
previousl}^ July ry, 1036, she had sustained a fracture of the externa! cotuhle of t!ie 
left elbow (Fig i) The limb was immediate^ immobilized in acute flexion and after 
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T . H n T n Sieatly swollen and sensitive 

Tlie cliild complained of severe pain and icfuscd to move the elbow The fainilj became 

greatly alatmcd about the stiffness of the elbow joint and, fearing that the child would 

the elbow During this manipulation the child screamed and begged to be left alone 
he manipulation was continued persistently and ardently The child continued to scream 
and became fearful of the approach or proximity of her mother or uncle who did the 
stretching The child was adjudged to be nervous and not to be minded When first 
seen by the writer, the child was frightfully apprehensive The left elbow was greatly 



Fig I — July 17, 1936 Oblique fncture of the eMeinal condjle of the left humerus 
There is downward and forward displacement of the cond>lar fragment 

swollen and very sensitive There was marked tenderness to pressure m the antecubital 
fossa and very little motion m the elbow joint The diagnosis was readily established 
and rest of the elbow in a flannel sling was advised 

The patient was next seen one month later, and was not improved The elbow 
was still markedly swollen and sensitive Roentgenologic examination showed healing 
of the supracondylar fracture (Fig 2 A), but, in addition, an extensive calcific deposit 
m the antecubital fossa m the line of the brachialis anticus muscle and the anterior 
surface of the capsule of the joint, extending fiom the shaft of the humerus, two inches 
above the joint line, down to the coronoid process of the ulna (Fig 2B ) A lateral view 
showed that the tear of the soft tissues involved, as it so often does, a very wide area 
beyond the fracture line As happens m so many other fractures, the break m the 
continuity of the external condyle was a simple one, and, by far, not the most important 
element in the injury Further inquiry revealed that the elbow had really not been rested 
The child had been urged to move it and, m fact, manipulation, although less vigorous 
than previously, had been continued, the mother having an obsession about a permanently 

stiff elbow resulting mi » 

The entire arm was, therefore, immobilized m a plaster of pans bandage inre 
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Fig 2 — No\eniber lo 1936 Four months iftei fneture Note it (A) consid 
erable bone formation along the posterior and lateral surfaces of the humerus (B) 
Marked calcareous deposV along brachialis anticus muscle There is marked spelling 
of the soft tissue (C) The capitellum (D) is displaced doumiard and forward 


Fig 3 


Fig 4 



Fig 3 — Noteniber 30, 1936 (after 20 dajs of plaster immobilization) Compart 
with Figure 2 and note the marked reduction m the swelling of the pen articular ^oft 
tissues and in the amount of calcareous deposit (A) There is a beginning spur for 
mation (B) on the posterior surface of the humerus 

Fig 4 — rtbruar\ 23. i 937 (three and one lialf months after secondari imniobili 
zation was instituted) Note the complete disappearance of the calcareous materia! from 
the antecubita! fossa except for spur formation (A) on mctaplnsis of humcru« Hurt 
IS a posterior spur (B) which is Itkelj to pernianenth, though onlj ■;Iighth, limit 
extension of the elbow 
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weeks later tlie elbow was found to be of almost normal size and only slightly sensitive 
There was io° of voluntary painless motion A roentgenogram (Fig 3) showed a marked 
reduction in the soft tissue swelling and in the extent of the calcareous deposit The 
elbow was again immobilized for three weeks, during which time the sensitiveness dis- 
appeared and the range of motion increased No treatment of any kind was applied there- 
after The child, wliosc confidence had by this time been won, was encouraged to use 
the arm and move the elbow through as great a range as was possible without causing 
pain By March i, 1937, there was a voluntary range of 75° of motion, from 90° of 
flexion to 165° of extension, and complete pronation and supination A lateral roent- 
genogram (Fig 4) showed a spur formation at (A) on the anterior surface of the meta- 
phjsis of the humerus at the upper limit of tlie calcareous deposit, and complete absorp- 
tion of the rest of the deposit A bony spur was also seen on the posterior surface of 
tlie humerus (B) on the proximal side of the cpiphjseal line The anterior and posterior 
spins undoubtedly accounted for the restriction in motion But the patient already had 
75° of motion in the elbow, which is a useful range even if there were to be no further 
increase of motion As a matter of experience the mobility of the elbow is very likely 
to increase And m any event, at a later time, if desired, either or both bony spurs 
might be removed b}' operation 


SUMMARY 

A case of tiaumatic myositis ossificans is lepoited, which ocemred in a 
child following a fracture at the elbow The fiactme was accompanied by 
extensive soft tissue damage, paiticulaily in the antecubital fossa where there 
occur! ed a thick calcaieous deposit along the attachment of the biachialis an- 
ticus muscle The efiorts to obtain motion in the elbow by foicible passive 
movement seived to peipetuate and peihaps to increase the swelling, as the 
enlargement of the elbow three months after the fiacture was reported to 
be iieaily as gieat as that noted directly after the injuiy Complete rest of 
the elbow by immobilization of the limb in a plastei of pans bandage caused 
a recession of the swelling, lesorption of most of the calcareous' material and 
the leturn of a satisfactoiy range of motion in the elbow We must, there- 
foie, beai m mind that if, following a fiacture at 01 near a joint, especially 
the elbow m childien, theie is peisistent pain, su^elling, sensitiveness and stiff- 
ness of the joint, one must suspect the deposit of calcium salts in the injured 
soft tissues If the existence of this lesion, a traumatic myositis ossificans, 
IS confiimed 1 oentgenologically, the most effective tieatment is immobilization 
of the limb until all the swelling and sensitiveness disappears, irrespective of 
the duiation of the symptoms or the time it takes foi them to vanish 
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May 8, 1936, maiked the passing of one of om most unique and lovable 
chaiacteis, Dr Francis Redei A member of oui association since 1911, be 
was elected a senior membei in 1932 Faithful in attendance and pai ticipation 
for many years, bis genial pi esence will be gi eatly missed 



TrAXCIS RtDER, AI n 


Fiancis Reedei was boin at New Athens, Illinois, Januaiy 6, 1864 
His fatbei, Di Fianz Redei, a graduate of Heidelbeig University, migiatcd 
from Geimaii}'- in 1848, and Fiancis Redei was giaduated in tuin fiom Sniilb 
Acadeni} and St Louis IMedical College now Washington Univeisity Med- 
ical School, m 1884 Aftei intcin sei vices at St Louis Cit\ and Female Hos- 
pitals, he spent over tw o yeai s w ith Di G A Gerster at the German Hosjiital 
in Neu York Cit}, and fioin 18S8 to 1S91 in European unuersitics and climes 
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III 1897, aflei seveial yeais of private piactice, Doctoi Reder specialized 
in geneial snigeiy He was a membei of the St Louis Medical Society, 
which he seived as Piesident in 1932, and of the Missouri State and Amer- 
ican Medical Associations, St Louis Suigical Society, Southein Suigical, 
Southern Medical, Ameiican Association of Gynecologists and Obstetricians, 
and the Ameiican College of Suigeons On Novembei 13, 1935, he was 
elected an Honoi Membci of the St Louis Medical Society In 1910, he was 
an invited guest of the Twenty-thud Congiess of the Association Frangaise 
de Chningic, in Pans 

In 1897, he mained Ella Castle of Quincy, Illinois, and is survived by 
his widow and tlnee children 

Honoi ed at home and abioad, loved and lespected by all who knew him, 
he possessed the admit able attiibutes of piofessional dignit)^ ability and 
congenial peisonahty To him the \voild ivas a stage, and his piofession the 
plot, in wdnch he laboicd daily, administeimg to the needs of his fellow men 

Fred W Bailey 
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John Roberts Caulk, oui genial, foicefiil, deeply scientific, and much 
beloved fellow, passed away, Octobei 13, 1938 He was bom in McDaniel, 
Maryland, October 30, 1881, of a family established m that state by one John 
Caulk, who came over from Scotland with a land grant from Lord Baltimoi e 
Attending, successively, several Maiyland schools, he received his medical 
degiee from Johns Hopkins Umveisity, in 1906, and aftei serving as Assistant 
Physician 111 the Union Piotestant Infiimaiy at Baltimore, he became Assistant 
Resident Surgeon and the first Resident in Uiology at Johns Hopkins Hospital 
He came to St Louis, m 1910, to make his home, accompanied by his wife, 
Mrs Bessie Hariison Caulk, who suivives him and was evei his unfailing 
helpmate 

In 1910, shoitly after his aiiival in St Louis, Doctoi Caulk was ap- 
pointed Instructoi of Genito-Uimary Suigeiy at Washington Umveisity Medi- 
cal School, and served undei successive titles, including that of Piofessoi of 
Clinical Gemto-Urmaiy Suigeiy, which he held until his death 

St Louis has, for a centuiy or more, piofited to an unusual extent fiom 
the piofessional activities of outstanding medical men who chose this centei 
foi canying on research, and the piactice and teaching of medicine One 
might hazard that among these, none came bettei founded m his special field 
than Doctor Caulk, none has pioved moie expeditious 111 solving the suigi- 
cal problems that confronted him, and it is likely that few had been equally 
blessed with the combination of pleasing mannei, stimulating peisonahty and 
live consciousness of his opportunities of seivice to the piofession and the 
public that was chaiactenstic of Doctor Caulk thioughout his all too shoit 
woiking peiiod Public lecognition came early, but it aflfected neithei his 
peisonal balance nor the intensity of his piofessional pin suits lie had suigi- 
cal hobbies, not eveiywheie accepted, and he was not without personal 
Clitics, but mostly those who knew him least 

To undei take to enumerate his oiigmal conti ibutions to the science and 
ait of uiology, or his wiitings, or to name the scientific societies that claimed 
him as a member would for want of space defeat its own ends, but this is a 
tribute of friendship, not an ai chive, and we will turn to his more peisonal 
side 

Doctoi Caulk was possessed of a most chaiming pcisonaht} and an air 
of refinement lent a delightful atmospheie to his piesence lie was most 
entei taming and -was blessed with a keen sense of vit and humor, though lie 
could be seiious minded, especially when a medical or surgical problem vas 
undei discussion He vas a vei}'^ dynamic individual and vas embodied vith 
unusual eneigy for voik He was a gieat fellov to voik at full speed and 
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play in the same mannei He was coiiiteous and genial at all times and ail 
his colleagues, especially those foitunate enough to have been closely associated 
with him, would sing his piaises foi his pleasant attitude at all times He was 
most enthusiastic about his woik and was constantly searching for new prob- 
lems to solve He was fortunate in having a multiplicity of qualifications for 
woik and play which peimitted him to do both without the sacrifice of either 
His two chief hobbies weie hoiseback riding and sailing In the summer he 
loved the lattei beltei than anything else and practically lived on his sailboat 
In the spiing and fall horseback iiding was his most pleasant diversion In 
the winter his books and extensive contiibutions to medical journals occupied 
his time at night, and the day found him laboimg with unusual skill and 
enthusiasm on vaiious uiologic piobleins 

The tiLie test of chai actor comes thiough adveisity even moie than success 
Foi moie than a yeai, while in the full possession of all his mental faculties, 
he saw himself being eliminated from ac<^ive work by a malady that proved 
beyond conti ol Towai d the end he suffered almost continuously with uncon- 
tiollable pain, all of which he enduied with a stoicism that an)^ of us would 
envy His personality will long be lemembeied by those with whom he came 
in contact, but the silent influence of his constuictive touch in his chosen 
field will be active long aftei his pei sonahty is foi gotten 

ViLRAY P Blair 
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Dr John Henry Neff, Jr, a fellow of the Southern Suigical Associa- 
tion since 1926, and vice-president in 1934, was boin, Septembei 12, 1887, at 
Harrisonburg, Va, and died, Novembei 8, 1938, at Univeisity, Va He was 
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John Henr-v Neff, Jr , M D 

the son of Dr John Henr} NeflP a practitioner in the city of bis birthplace 
After graduation fiom bis local high school, he completed the classical course 
at the Univcisit}’- of Virginia uheie he recened the AB degree in 1907 
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latei he was giaduated fiom the same institution with tlie degiee 
of iJD In 1916, he maiiied Miss Haniet Louise FiLgeiald, of Houston 
i ex , who sui vives him, togcthei with two sons and a daughter 

Doctoi Neff’s piofessional life was unusual in two lespects He had pei- 
haps the soundest backgiound of gencial suigeiy upon which any urologist 
of his age has based his specialtj Seven yeais of house tiaining in geneial 
suigeiy undei Prof Stephen H Walts was followed by two years as Acting 
Associate Piofessor of Suigeiy in the Univeisity of Vnginia School of 
Medicine Dm mg this tune he became a conspicuously competent general 
suigeon In the latter poition of this period, he began to inteiest himself m 
inology and, in became Adjunct Piofessoi, advancing through the 

grade of Associate Piofessoi to that of Piofessoi of Urology, the rank he 
held at the time of his death The second unusual aspect of his career re- 
sides m the fact, leflecting his lemaikable qualities of mind and character, 
that he was entnely a self-taught uiologist No couise 111 uiology and no 
trained uiologic chief aie lesponsible foi his development In spite of this 
lack, a possibly insuimountaljle handicap to lessei men, he so perfected him- 
self as to be recognized foi Ins piofessional attainments not only by a large 
clientele and by his local colleagues, but also by the best of his fellow urol- 
ogists Such lecognition was expiessed bj’’ Ins election to membership m 
the American Uiological Association and in the Ameiican Association of 
Genito-Urinaiy Suigeons Although not a piolific wntei, he added from 
time to time sound and thoughtful contributions to the liteiature of his 
specialty He evidenced on eveiy occasion almost faultless surgical judg- 
ment, based upon a vide knowledge of pathology As an operator, he was 
methodical, caieful and thorough, lespectmg tissue piofotindly, bold wheie 
boldness was justified He learned tiansuiethial piostatic lesection at an age 
when a new and exacting technic is doubly difficult to master His last pio- 
fessional paper, piesented by an associate before the Virginia State Medical 
Association, a month befoie his death, dealt with his experience Avith this 
proceduie and levealed how successful the new method had pi oven in his 
hands 

Doctor Neff ivas outstanding in the community foi his kindliness, his 
nevei -fading cheerfulness, his level-headedness and his courage Patients 
leacted toward him ivith a devotion that was almost leligious in its intensity, 
an emotion duplicated by students and house staff alike Without exception, 
his university colleagues legaided him with profound affection They looked 
to him foi sound judgment in difficult univeisity and medical school matters, 
paiticulaily wheie the ethics of a situation might not be entiiely clear When 
he believed that a question of ethical conduct was involved, his decisions were 
rapid, inflexible and always in behalf of what he consideied justice and hon- 
esty ’ Although unyielding m such decisions, a deft lemoval of the sting of 
an opposed opinion through a mellow tact and a sti iking modesty, prevented 
antagonizing the opponent To his acquaintances he was always consideiate, 
and to his intimates one of the most charming of companions 
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Doctoi Neff, duiing college days, was one of the outstanding backs of 
the South and latei a coach of college football He \\as an aident fishei- 
man, the sti earns of Canada, and the tidal wateis of his native state as ^^ell 
as local pools and biooks weie the scenes of his successful sportsmanship He 
was a tennis pla}er of at least local note When outdooi spoit was nnjios- 
sible he found his lelaxation m caid playing, at w^hich he w^as no negligible 
opponent, and m the leading of books His liteiaiy taste w^as at the same 
time catholic and eclectic Although piofessional duties pi evented chinch 
attendance, he kept m touch with the activities of his denomination and con- 
tiibuted generously to its support On the night befoie his death, he w'as 
elected to the vestiy of St Paul’s Episcopal Chinch In addition to the mem- 
bei ships in professional societies alieady cited, he w'as a Fellow of the Amei- 
ican College of Suigeons and a membei of Phi Beta Kappa, Sigma Xi and 
Alpha Omega Alpha 

Aftei contemplation of his unusual lecoid and his fine qualities of pei- 
sonality, one cannot wondei that the Univeisity of Viigmia and the woild of 
urology felt the untimely death of Doctoi Neff as an irieparable loss A 
towel of stiength to all wdio knew him had fallen , a light that used to illumi- 
nate and cheei had gone out The Southeiii Suigical Association is iichei 
foi having accoided him fellowship 

Edwin P Lehman 
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Ellis Fischel, M D 

tiieless, ambitious when he and I enteied upon a lather lengthy piofessional 
association 

He served at some time on the staffs of ten St Louis Hospitals, he also 
taught surgery at different periods in both of oui local Universities, and be- 
came a membei of almost every local and national society to which a surgeon 
IS eligible 

There seem to have been three distinct and separate currents discernible 
in his life’s work He was, first of all, a sound suigeon with a very large 
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operative expeiience, pioceduies of almost unbelievable magnitude planned 
to cope with the legional spiead of cancel were with him a niattei of almost 
daily, successful loutine The second phase of his caieer, which seems to de- 
seive special attention, is that which concerned itself with the founding and 
giowlh of the St Louis Clinics He was Secietaiy oi Piesident of this or- 
ganization dm mg its fiist six yeais, then continued as the mainspring of its 
existence foi all the subsequent yeais of his life He theieby did moie, it 
has been said, than anyone else in oui community in contiibuting to co- 
oidinated and publicized posfgi aduate medical teaching in St Louis Hospitals 
The third and most notable consideiation which engaged most of his profes- 
sional life was connected in one wa}^ or anothei with the study and treatment 
of cancel , he became successive!}^ a memhei of the Boaid of Diiectois of 
the Ameiican Society foi the Conti ol of Cancel, Chan man of its St Louis 
Committee, then Chan man of its Missouii State Committee He had been, 
since 1919, a memhei oi Secietaiy of the Bainaid Fiee Skin and Cancer 
Hospital (of oui city) medical stafi when, in 1933, he became a member of 
that institution’s Boaid of Diiectois as well He was Chan man of the Com- 
mittee on Cancer of the Missoui 1 State Medical Association foi the last seven 
yeais of his life, he headed oui State Cancel Commission selected by the 
Governor to locate, plan and constiuct oui State Cancel Hospital which has, 
since his passing, deseivedly been named m his honoi 

His accomplishments piove that he possessed a type of imagination which 
enabled him to glimpse what lay beyond oui common hoiizon, his work with 
the St Louis Clinics and on the cancel piohlem show him to have been an 
exceptionally gifted executive as well 

In many instances he displayed a type of coinage which goes fai towaid 
making a man seem indomitable, as when, a Haivaid Senioi, he won the 
golden hat conferied each yeai foi the highest hatting average on that raie 
type of player who instinctively steps foiwaid to meet the pitch instead of 
di awing hack fiom the plate as do so many otheis Just as on the campus, so 
later, too, life’s inajoi issues weie always met by him without flinching He 
may be said tiuly to have been a stoic also, because no one evei heard him 
complain of blows which would have piostrated a less well poised man 

A summaiy of all his endeavois points uneiiingly towaid a life of seivice 
to mankind His effoits in behalf of the St Louis Clinics and of the cancer 
cause ceitainly weie nevei diiected towaid his own peisonal advancement 
although matei lal 1 ewai d was, of coin se, inescapable for a man whose attain- 
ments were fai in excess of the measuie to which we are accustomed 

This cultuied man, finished suigeon and sui passing oiganizei was only 
54 when devotion to his chosen field of piofessional endeavoi led directly to 
his untimely end , he w^as hastening to Governoi Stark’s office for a conference 
regarding final details of the State Cancer Hospital design when there w^as a 
highivay ciash, luthless Fate had decieed that the dream of his mature years 
should not become a leality for himself 

Willard Bartlett 
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MODEivN SURGICAL TECHNIC By Max Thorek, M D , K L H 
(France) , KC (Italy) With a forewoid by Donald C Balfour, MB, 

(Tor), LLD, Complete in three volumes, with 2,147 iHustiations’ 
Philadelphia, J B Lippmcott Co , 1938 

In spite of the fact that theie aie seveial vei}'^ excellent woiks covering 
the field of Geneial Suigeiy, these thiee volumes, devoted to modem surgical 
technic, fuinish a wealth of infoimation piesented in a diffeient manner than 
in most othei text-books Foi eveiy conceivable suigical lesion there are one 
01 moie accepted suigical pioccduies desciibed These procedures have been 
caiefully and wisely chosen so that only the best ones aie included The 
work is not padded with supeifluous, antiquated 01 unusual opeiations which 
would have no value as a icfeience foi the active suigeon The general 
plan of thiee volumes is woithy of mention Each volume is divided into 
two Paits Each Pait is pieceded by a desciiptive page entitled “Orienta- 
tion ” This gives, in biief, a geneial suive}'^ of the contents of the following 
Pait Pait One consists of six chapteis dealing with “The Suigeon and His 
Alt, The Suigeon and His Patient, Postopeiative Consideiations, Operating 
Pavilions and the Opeiation in Geneial, Steiihzation of Surgical Instru- 
ments, and Anesthesia” These chapteis constitute an introduction to the 
actual text which follows A relatively laige amount of space is devoted to 
sterilization, the ariangement and position of the operating team, the illumina- 
tion of the opeiating looms, the donning of gloves and gowns, desciiptions of 
vaiious anesthesia machines, and innuineiable othei details which we piesume 
are necessaiy to make a woik on suigical technic complete Pait Two con- 
cerns itself with the “Suigei)^ of the Head and Neck,” and a very excellent 
tieatise on “Plastic Suigeiy” A good, standaid operative proceduie for 
thyi oidectomy is completely described The dangeis and hazaids associated 
with this opeiation aie mentioned and the evei -present pitfalls are empha- 
sized It IS noted that the onl}'^ opeiative tieatment of Ludwig’s angina given, 
IS diainage thiough the flooi of the mouth Nothing is said concerning a 
diiect attack on the subinaxillaiy nodes This proceduie has recently been 
leported as being very satisfactory in seveial cases of this distressing condi- 
tion The chapter ends with 42 pages devoted to the vanous types of skin 
giafting 

Volume Two deals with the surgeiy of neives, blood vessels, bones, thorax, 
and breast The moie popular pioceduies used to-day in dealing with lesions 
of the neives and blood vessels aie giaphically illustiated A description of 
Cl lie’s adrenal deneivation foi hypertension is presented Nothing is said, 
however, of Ci lie’s moie lecent Avoik, namely, celiac ganghonectomy, which 
opeiation we believe has laigely leplaced the adrenal deneivation for hyper- 
tensive cases , 

Thioughout the world, theie is an evei inci easing iiiimbei of bone lesions 

and fiactures, due to the increasing numbei of motoi cai accidents, and to 
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the tiemendous mciease in the use of industiial machineiy of all soits This 
paiticulai blanch of suigeiy is quite pioperly attracting moie and nioie atten- 
tion The so-called “Tiaumatic Suigeon,” one who has piefeiably had 
pievious geneial suigical tiaimng, is lapidly coming to the foie Thiee bun- 
dled thnt} -seven pages devoted to orthopedics, fiactuies, and dislocations 
piovide a veiy complete guide to the piopei management of these cases The 
authoi IS veiy conseivative conceimng open opeiations and believes that if 
piopeily handled many cases now subjected to open operation could as well 
he tieated by closed methods 

The vai lous standai d pi ocedui es of handling hi east lesions are presented 
The authoi sti esses the necessity of a ladical block dissection of the nodes 
111 the supiaclaviculai fossa, when these can he demonstiated to be involved 
He has peifoimed 72 such opeiations and was able to “cuie a few cases 
foimeily consideied unopeiahle and abandoned to fate” The use of electro- 
suigei}^ 111 ladical mastectomy is felt to he the method of choice Such a 
pi ocedui e is desciihed m consideiahle detail 

The technic of pulmonaiy suigeiy is well piesented The reviewer was 
delighted to see that Claude Beck’s woik on the “Suigeiy of the Heart” was 
given piopei lecognition A vei}^ complete, although concise, resume of 
Beck’s operations is given and veiy well illustiated m the closing pages of 
Y olume Two 

The fiist pait of the thud volume concerns itself with the “Suigeiy of the 
Abdomen” and the second pait with the “Pelvic Region,” both male and 
female Veiy excellent desciiptions of all abdominal operations aie given 
The author has caiefully chosen those procedures which, 111 his opinion, aie 
most piactical AVe piesume that the vaiious operations for suspension of 
the stomach weie inseited foi histoiic inteiest and in oidei to make the woik 
complete These operations aie seldom undei taken at the piesent time The 
author favors the lemoval of the gallbladder by electi ocoagulation and de- 
sciibes 111 detail his own opeiation for this condition The subject of heinia is 
well presented The newei methods of 1 epair by fascia transplants, as well as 
the older methods aie included m the discussion 

For lesection of the lectosigmoid and rectum, the technic of Fred W 
Rankin is desci ibed The illusti ations accompanying the text on this operation 
are by “the couitesy of Dr Fied W Rankin” The last 307 pages are de- 
voted to gynecologic operations and suigeiy of the gemto-unnary oigans 

Apparently Doctor Thorek was trained 111 a school 111 which his teachers 
weie general surgeons m the broadest sense of the woid These men were 
capable of lemoving an eye, draining a mastoid, or a brain abscess, opeiatmg 
upon any acute throat lesion, caring foi elective orthopedic or emergent frac- 
ture cases, suturing a laceiated heart, performing any mtra-abdommal sur- 
gery including gynecology and urology Recently specialization has devel- 
oped to such a degree that the so-called general surgeon is rapidly disappear- 
ing However, theie aie a few left in the large metropolitan centers and a 
great many in the smaller cities and in the sparsely populated country dis- 
tiicts throughout the land 
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PAPILLEDEMA ^yITIIOUT INTRACRANIAL PRESSURE 

(OPTIC NEURITIS) 

W VLTEU E Dandy, M D 

IKiTnioRE, Md 

Altiiolgh papilledema is the most significant objective finding in brain 
tumors it IS by no means pathognomonic of this lesion In 1937, the writer^ 
rejioited a senes of cases m which theie was bilateial papilledema with 
mtracianial piessuie and jet no hi am tumor This condition, whatever the 
unknown cause 01 causes maj’^ be could be safely dififei entiated from the 
tumoi gioiip In \entricuIogiapln The ventiicles w’^eie unifoimly small, but 
showed no displacement In the coiiise of a most vaiiable period of time, 
the mti acranial ])icssuie subsided and the patients lemamed peimanently 
well They weie spaied majoi operative pioceduies winch would otheiwise 
have been indicated, onlj a subtempoial decompi ession was necessary to 
piesene life and Msion ])endmg subsidence of the mti acranial pressure 
The present report is concerned wuth anothei, even larger, group of 
cases having papilledema, usually bilateial, at times unilateral, fiequently 
w'lth hemoiihages m the cyegiounds, and usually with a mild degree of 
headache and with varying degiees of visual loss This gioup differs fiom 
the foregoing one in the absence of intiaciamal pressuie The underlying 
pathologic piocess causing the papilledema, wliatever its chaiactei or the 
underljung cause, is, theiefoie, laigely of local oiigin and may be classified 
as “optic neuiitis,” “papillitis,” or “letiobulbar neuritis,” if it is understood 
that these designations do not connote an inflammatoiy piocess, which it 
may 01 may not be Theie can be little doubt that the pathologic process 
is, in many instances at least, not strictly confined to the optic neive or 
neives because of the fiequent coexistence of othei signs and symptoms, 
such as headaches, diplopia, dizziness and peihaps nausea and vomiting But 
the mtracianial involvement beyond the optic neives is raiely gieat or severe 
There can also, I think, be no doubt that this is not stiictly a pathologic or 
clinical entity, foi in a few cases at least, the ophthalmologic picture is an 
initial manifestation of multiple scleiosis, and 111 one patient who died 14 
months latei the micioscopic sections of the biain showed diffuse chronic 
encephalitis involving the ceiebial cortex However, the number of such 
cases, studied over such a long period of time, is so small that one can be 
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equally ceiUin that multiple scleiosis oi encephalitis is the exception rathei 
than the lule Fiom the evidence at hand it is not possible to say that the 
pathologic piocess is one of demyehnization in the optic nerves, or an in- 
flammatoiy oi peihaps some othei piocess 

On the whole, the pathologic process and its signs and symptoms are 
acute 01 1 datively so, it subsides spontaneously with or without a permanent 
visual defect and has almost no tendency to lecui (a single exception) In 
most of these cases the diffeiential diagnosis fiom a brain tumor has been 
made by veiiti iculogi aph}', and the absence of inti acranial pressuie has been 
detei mined by manometiic readings of the spinal fluid by spinal puncture In 
some of the latei cases the clinical jnctuie has seemed adequate to make 
the diagnosis without eithei venti iculogi aphy oi spinal puncture The prin- 
cipal differential diagnostic test of this condition is a rathei precipitate loss 
of vision ^much too rapid to be possible fioiii the effects of inti acranial 
piessuie One also consideis, though with less assuiance, the relatively 
slight headache accompanying such a high giade of papilledema with letinal 
hemorihages 

Since theie is no inti acranial piessuie, opeiations upon the brain are not 
indicated It is cases of this kind that have been subjected to exploiatoiy 
craniotomies with negative findings, to decompressions and to opeiations 
upon the paianasal sinuses The latter operations have been peifoimed on 
the assumption that an mflaininatoiy process has extended through the bone 
of the skull and into the optic neives And many teeth have been pulled 
111 the search for an mflaininatoiy focus 

Since the pathologic process is one of lelatively short duiation and cleais 
spontaneously, it is not surprising that excellent results have been claimed 
following any theiapeutic efforts, whethei suigical or medical, but the results 
are, of couise, /’osf hoc, pjoptei hoc 

Foity-four cases of this condition aie included m this leport, and the 
end-1 esults presented in 31 Fiom the remaining 13, no answer has been 
received to mquiiies by lettei The cases are spiead ovei the past 15 yeais 
The 1 esults of the study aie presented in the accompanying table and aie 
suminaiized in the ensuing lesume 

Sex and Age Incidence — Curiously enough, females aie almost three times 
as frequently affected as are males — the exact number of each being 32 and 12 
Such a gieat diffeience m the sexes must cany some significance but I 
know of no explanation 

This condition occurs m eveiy decade of life up to the seventieth year, 
and with surprising regulaiity except in the second decade where the «^'nibei 
was more than double The actual numbeis by decades weie 6, 15, 6, 6, 

7 and 4 , 

Resume of Signs and Symptoms Dwation—To the time of admission 

to the hospital, the condition has existed less than one month in 21, or 

neaily half of the cases, less than three months in 31, 70 pei cent of le 
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cases It was less than six months in 38 cases, 01 86 pei cent , less than one 
yeai in the leinainmg six In one case, nnclei obseivation almost fiom 
the beginning of the illness, the patient was piactically blind within five days, 
thiee days later the visual fields and visual acuity weie noimal, and one 
yeai latei the vision was still peifect Theie can be no doubt that many 
patients who appeal months 01 3^eais aftei an initial attack of visual loss 
ha^e had edema at the onset, and at this late date theie lemains only some 
evidence of palloi m the optic disks 

Headache — In 37 cases fiom the senes, headache was a conspicuous 
symptom, 111 five it A\as absent, and in two not mentioned In most in- 
stances the headache appealed almost simultaneously with loss of vision 
It was nevei as seveie as m hi am tumois, although instances of the latter 
without headache aie by no means uncommon At times the headache was 
bilateral, and at othei times unilateial Often it was 111 the fiontal legion, 
or behind the eye, and not infi equenti}' more of a stinging, boimg pain lather 
than an ache 

As noted above, the lelatively slight degiee of headache was in such 
maiked contiast to the severe giade of papilledema that the diagnosis of 
an mtiacianial neoplasm was consideied unlikely 

Diplopia, A^aasca, Vomiting, Diazincss and Cotivuhions — Double vision 
was present m 13 cases and absent 111 25, le, it was piesent m loughly 
one-thnd of the cases Only 111 thiee cases vas theie an extia-oculai palsy 
and m one of these it was bilateial One of the unilateral palsies was the 
case of encephalitis, the bilateial palsy was m a paiticularly seveie illness 
with total blindness which has peisisted though the patient is otherwise well, 
II years latei , the thud case has not lesponded to oui lettei of inquiry The 
appeal aiice of diplopia means, of couise, that the pathologic piocess has 
extended beyond the optic nerves Except m the cases wheie an extia-oculai 
palsy has followed, the diplopia has always been of shoit duiation — in one 
instance only 30 minutes 

In nine cases there was nausea, and in 12 vomiting, but in two of the 
lattei it was said to have followed medicine by mouth In no instance was 
either the nausea 01 vomiting prolonged 01 severe, and m many vomiting 
occuired only once 

Dizziness occurred m ten cases and was nevei seveie 

Convulsions weie piesent in none This negative note is lecoided be- 
cause It IS fairly impoitant evidence against any degiee of ceiebial involve- 
ment 

Othei Signs and Syinptoins — One patient had numbness of the face, she 
has since been followed (two and tin ee-fourths yeais) and has had no retuiii 
of it Another had weakness of the right aim, polydipsia and palsy of the 
right sixth nerve , hei subsequent com se is unknown , it may be a case of 
multiple scleiosis Another patient subsequently developed chaiactenstic 
signs and symptoms of multiple scleiosis, le, ataxia, Rombeig, staggeimg 
gait and uiinaiy incontinence A bilateral Babmski sign nas elicited in one 
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patient, it has since disappeaied and she remains peifectly well Bilateral 
ataxia was noted in anothei patient, who piobably had an acute encephalitis 
following pneumonia ( Sti eptococciis) , except foi a severe loss of vision 
she lecoveied completely Buzzing m one eai was noted by one patient 
whose subsequent couise is not known, and by anothei who lecoveied with 
total blindness but with no return of the buzzing, bilateial exophthalmos 

of low grade developed duiing the piesent illness and subsequently dis- 
appeared 

In thiee patients adiposity was excessive In two, the menses had dis- 
appeared, and in the thud, they subsequently disappeared but returned fol- 
lowing injections of hypophyseal extiact In each of the above thiee adipose 
individuals the inci eased weight had long antedated (one, thiee and 12 years) 
the visual disturbance and could, theiefore, have had no bearing upon it 
Since this abnoimal grade of adiposity is so commonly associated with men- 
strual 11 regularity and loss, it is piobable that this disturbed function was 
also not related to the papilledema Howevei, in one patient the amenorrhea 
developed only one month before her visual loss and she dated the present 
illness from it 

Polydipsia was a symptom in one case and was peihaps a manifestation 
of encephalitis 

Three patients m this series had hypei tension — two of moderate (170, 
168) and one of seveie grade (220) The frequent association of papilledema 
with hypertension of severe giade is well known I have excluded from 
this series those cases in which the papilledema appeared to be directly le- 
lated to the hypertension In the thiee cases included in this report, there 
can scaicely be a doubt that the hypei tension was entiiely independent and 
unrelated One patient with a blood pressure of 178 died eight years later 
following an abdominal operation, the findings of which aie unknown Her 
vision had remained unchanged in the inteiim The most surprising case 
was that of a colored woman, age 44, blood pressure 220/1 10 Following 
an acute visual distuibance, with 4 D of papilledema and hemorrhages 
m both eyegrounds, the patient’s vision returned almost to normal and has 
remained so for six and one-half yeais, and despite continuous hard work 
she is symptomless and hei blood piessuie lemains 220/1 10 Her blood 
pressure surely has nothing to do with her acute visual episode The third 
patient, whose pressure was 180, cannot be traced 

In only a single patient was theie a positive Wassermann reaction, this 
was positive both m the blood and spinal fluid Whether or not it was 
related to the papilledema cannot be determined The eyegrounds rapidly 
became noimal duiing vigorous antisyphilitic treatment The stoiy is so 
similar to that of so many other cases— all without syphilis— that I doubt 

the relationship 

Etiology — That this senes of cases contains not a single pathologic entity 
IS shown by the fact that there is certainly one and probably a second case 
of multiple sclerosis, and one and perhaps two more cases of encephali is 
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The association of papilledema with both of these lesions is well known 
But I do not believe any of the remaining cases could fall under either 
multiple scleiosis or encephalitis 

A nonspecific mflammatoiy oiigin is suggested in three cases In one 
instance theie was tenderness and swelling of one eyelid at the onset of 
symptoms, and the papilledema developed only m the corresponding eye- 
giound which contained numeious small hemorrhages Five and one-half 
yeais latei the cenlei of the disk was filled with a scar that entirely con- 
cealed the enteimg blood vessels, the visual acuity was 20/20 m each eye 
but a tempoial defect lemained in the affected eye In another case, the 
left eyelid was swollen and painful and there was lacrimation at the time 
of onset of the visual change The other eye had been blind from birth 
She had had unilateial letinal hemonhages, but her subsequent course is 
not known The thud patient had ledness of the eyeball for two months 
befoie vision was affected Although the eyesight was badly affected and 
thei e wei e numerous hemorrhages in the eyegrounds, he reports normal vision 
II yeais latei 

A fourth patient had just letuined fiom a ride on horseback, three weeks 
aftei lecovery fiom pneumonia (Stieptococcus and influenza oiganisms were 
grown from cultuies), when she suddenly became confused, semicomatose 
and dehiious She is said to have had fever, vomiting, ataxia of both hands, 
m addition to papilledema and loss of vision There must have been a veiy 
diffuse encephalopathy, and occuiiing so soon after the attack of pneumonia 
It would appeal probable that this was the same source of the inflammatory 
process in the biain — though without pus foimation' 

A fifth patient had stinging eyes and photophobia — both suggestive, but 
not indicative of mild inflammatory oiigin 

It is woithy of note and peihaps significant that cases with the probable 
evidence of slight inflammatory chaiactei have all been seveie, in that they 
have had hemoirhages and visual defects However, if these findings are 
evidences of inflammatory oiigin, none of them have been pyogenic and 
none have shown alterations of the cei ebi ospinal fluid In none of the 
lemaimng cases — excepting the single case of syphilis — has there been any 
evidence to suggest that the process may be of inflammatory nature 

Fiom six of the 44 cases (13 pei cent), theiefore, there is evidence of 
an underlying mflammatoiy piocess of some peculiar type There were 
pain, redness and swelling of the eyelids — cardinal signs of infection — but 
in none was theie the slightest indication of the chaiacter of the infection 
Although a demyelimzing piocess is conceivable (perhaps like that of 
multiple sclerosis), theie is no proof Moi cover, with one exception, there 
has been but a single insult to the optic neives, and after this has passed 
the cure has appeared to be permanent One would expect repeated and 
long continued attacks if a demyehmzation process weie the cause 

The Ceiehospmal Flmd Piessiire — The pressure of spinal fluid was 
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niedsuieci in nine cases, m only two of which weic the leadings in the 
liighei readies of noimal— 250 and 2S0 The actual readings were 80 120 
120. 130, I/O, I/O, 170, 250 and 280 

In 24 cases, the how of hind fioni tlie ventiiciilai fluid (tapped foi veii- 
tiiciflogiaphy) was sucli as to indicate the absence of inti acranial piessuie 
In two instances it was lepoited to have been slightly increased 

Cc/l Count —Cells ivei e counted 111 22 cases The highest count was 12 , 
in the lemaming it was 10 (one case) 01 less 

Globulin Content The fluid ivas examined foi excess globulin, but in 
no instance, even the case of sypliihs, was there an inci eased amount 

Roenfgenogiams and Fcm'i fca/o</;ag/iy — Roentgenogiams of the head 
wei e made in neai I}'’ all cases, and in none \vas thei e a jiositive or even a 
suggestive flndmg Vent; iculograms weie made m 37 cases, and since 
tumois were suspected all injections of an weie made thiough ventricular 
punctuies All showed noimal, sjnnmetrical ventricles, thereby unequivocally 
excluding mti acranial tumois In two instances, the ventricles were fairly 
large (both m oldet peisons) and lepiesentmg, we thought, the normal 
for those individuals The ventiicles, though small, were, on the whole, 
somewhat largei than m the group ivith jiapiUedema and intracranial pies* 
stue but without brain tumor 

Cisioii — Of the 44 cases, 41 complained of disturbance of vision The 
most common complaint was dimness 01 bluiimg of vision The degiee of 
visual loss varied fiom a purely subjective disturbance without actual objec- 
tive loss m any foim to complete blindness In 14, or approximately one- 
thud of the cases, the visual acuity and visual fields were normal In eight, 
theie was unilateial loss of vision in some degiee, and in 22, or 50 pei 
cent, there wms bilateial loss of some degiee In two-tlnids of the total 
number theie was visual loss 

In 19 cases, blind spots were enlaiged on one 01 both sides, and in ten 
the blind spots weie normal In 13, theie weie scotomata or field defects 
of varying size 

Eyegi omids — In eveiy case there was papilledema in one 01 both eyes — 
42 bilateial and two unilateral Hemoiihages were present in the eyegrounds 
in 19 cases (43 pei cent) , in five, the hemorrhages were unilateral and in 
14 bilateial The hemoiihages weie usually petechial, but m two cases 
they w'-eie laige and flame-shaped 

Ultimate Results — Thirty-one cases have been traced, some by letteis, 
otheis have returned foi examination Two are dead, one, 18 months 
latei of chronic encephalitis, which was doubtless the lesion at the time of 
oui examination, the othei patient died eight yeais later following an ab- 
dominal opeiation Only two of these patients aie repoited m less than 
a yeai after the initial study, seven have gone two years 01 less, foui be- 
tween two and thiee yeais, two between thiee and five years, nine between 
five and ten years, and seven moie than ten yeais, the longest X 4 l 4 years 

In seeking the ultimate effects upon vision, the oiigmal cases have been 
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divided into foui gioups Those with (i) papilledema only, (2) hemoiihages 
111 the eyegiounds, (3) scotomata and enlaiged blind spots, and (4) field 
defects 

Papilledema Only — Theie weie nine cases 111 this gioup, and m all the 
vision has lemamed normal both subjectively accoiding to the patients’ le- 
poit and objectively in those who have come foi examination 111 the check-up 
Five of these aie ovei ten yeais, the lemaimng between one and one-half 
and thiee and one-half yeais 

Hemoi I Pages in Eyegi ounds — Of the 13 cases with hemoiihages in 
the eyegiounds, one is blind and was blind at the time of oui fiist study 
nine yeais earhei , a field defect lemams m thiee, and in nine the vision 
IS said to be noimal 

The leturn of visual acuity in seveial of these patients is most sti iking 
One patient’s visual acuity letuined fiom 12/200 to 20/70 (six and one-half 
yeais) , anothei from 3/200 and 12/200 to 20/30 in each eye (thiee years) , 
and anothei fiom 10/200 and 80/200 to 20/20 m each eye (six years) 

Scotomata and Blind Spots — Of 13 patients who have been followed, 
nine aie now noimal, and 111 four the vision has lemained unchanged 

Field Dejects — This is the gioup with the most seveie visual changes 
and with the pooiest prognosis Of ii cases, the vision m seven has le- 
mained unchanged, in one, the vision letuined to noimal in one eye and 
is only useful in the othei (one and one-half yeais later) At the time 
of the original study in the lattei patient both eyes weie essentially the 
same, he being practically blind In the thiee lemainmg cases of this 
group the vision has retuined to noimal 111 both eyes In one of these 
patients, blind when fiist seen, the visual acuity and visual fields are noimal 
SIX years latei In anothei who was blind m one eye, the visual acuity and 
fields aie again normal two yeais latei 

SUMMAR\ AND CONCLUSIONS 

(1) Foity-foul cases of papilledema without intiacianial piessuie aie 
piesented The underlying etiologic or pathologic basis is unknown, except 
that two cases of multiple scleiosis and two of encephalitis aie included No 
evidence of either of these lesions can be found m the remaining cases A 
few of the cases appear to follow a mild nonspecific inflammatory process 
in the eye or lids, but these cases aie distinctly m the mmoiity 

(2) Although there is evidence of some intiacianial involvement m some 
cases, in othei s there is none Moieovei, the papilledema may be unilateral, 
although it IS much moie commonly bilateial On the whole, the pathologic 
process is decidedly local and any intiacianial extension and its effects aie 
usually mild and of little concern Exceptions to this statement are, of 
course, the examples of encephalitis and multiple sclerosis 

(3) The condition cariies no danger to life, and heals spontaneously 111 
the course of a few weeks or months No form of tieatment is known to 
be effective Ceitainly, all foims of opeiative interA'^ention aie contiamdicated 
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(4) Women aie affected nearly three times as fiequently as men It 
occuis m all decades of life in about equal fiequency, except the second 
where it is two and one-half times as common 

(5) The outstanding symptom is loss of vision— -usually a bluirmg at 
fiist Scotomata, field defects and blindness may develop with great rapidity, 
and may or may not lemain Great defects of vision and visual acuity, even 
blindness, may disappeai and even normal vision may return Permanent 
blindness resulted 111 only one case Hemorihages in the eyegiounds occur 
with great frequency 

(6) Theie are no changes in the ceiebrospmal fluid, the piessure is not 
increased Ventiiculograms are always noimal 

(7) 111 only one case did the papilledema lecur This was three years 
after the initial attack and three years ago On each occasion the vision 
was seriously defective, but returned almost to normal The eyegrounds 
show only slight pallor of the disks In another case, a dense scar fills the 
disk and obhteiates all of its landmarks 
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HURTHLE CELL TUMORS OF THE THYROID 
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FKOM THE DEPARTMENT OF SURGERl, EMORT UM\ EUSm , ATLVNTA, G\ 

In a Hurthle cell tumor of the tli3aoid theie is supposed to be a 
piohfeiation of cells similar to those desciibed originally by Huithle, in 
1894 These cells aie considered noimal constituents of the thyroid and 
capable of reproducing thyioid tissue when necessary This opinion is not 
umvei sally accepted but it gives an insight into the type of structure that 
exists 

There are three opinions legaiding the histogenesis of these tumors The 
arguments m favor of each are equally convincing but as yet they have not 
been proved It was regaided by Langendoiflf, and others, that the tumors 
arose from the cells first noted by Baber, ^ in 1874 These cells weie later 
termed “pioto plasmcischen Zellen” by Hurthle,” in 1894 They are thought 
to be para- or mterfollicular cells, the function of which will be discussed 
later In 1907, Sophia Getzowa^ advanced the theory that these lesions had 
their origin from the rests of the piimaiy postbranchial body or lateral 
thyroid anlage The third opinion is that these tumors arise fiom noimally 
located or ectopic parathyioid cells 

The morphologic characteristics have been thought to resemble the cells 
of the liver, parathyroid and adrenal cortex The pi unary cells are laige 
polyhedral, eosinophilic, granular stiuctuies, measuring from 15 to 20 microns, 
and containing chromatin 111 clumps These cells, as is noted, aie large, com- 
pactly arranged, and foim small alveoli The lumina aie usually small with 
an absence of the normal thyroid anangement, which 111 turn gives the 
tissue a solid appeal ance The gross appearance may be that of a discrete, 
well encapsulated structure On the other hand, there may be a diffuse 
invasion with the tumor cells suriounding normal tissue 

The gross and microscopic structure of the fetal adenoma resembles more 
the Hurthle cell tumors than other thyroid tumors The fetal adenoma is 
composed of small cell alveoli, but the epithelial cells aie somewhat smallei 
and more hyperchromatic There is a distinct difference in the stioma In 
fetal adenoma there aie large aieas of clear, loose connective tissue, wheieas, 
in Hurthle tumors, the fibrous tissue is less 

A differentiation of the malignant types is not always easy, but the same 
critei la are applicable as in other types ^ The morphology of the cell is not 
as significant as other characteristics, such as relationship to alveoli and 
gland The invasion of the blood vessels is by far the most frequent character- 
istic of malignancy of the thyroid There may be an involvement within the 
capillaries and larger veins with thiombi formation Wilensky and Kauf- 
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an, in 1938, noted tliat foui cases had been lecorded as benign and six 

malignant It is leasonable to believe that many of both types^iave been 

enccumered but neve, cons, deed and reported as sue). keSore we are 

epor mg tnee additional cases, one of which is definitely malignant and 
the othei two aie questionable giMnt ana 

CASK REPORTS 

Case i ~S N , Negro, female, age 46, was admitted to the Emory Umversitv 
whicirLd Hospital, September 3, 1937 , complaining of enlargement of the neck 

winch had been presen for ten years She had had evidence of thyrotoxicosis two yearl 

normal The left lobe of he thyroid was nodulariy enlarged to about 4 cm m diameter 
It was freelj mo%able and firm, but not hard The physical examination was otherwise 



Fig 1 — C ise i Shoumg orderlj nrnngemcnt of small ulveoh contaiiung 
a few iart,e ceils There are scattered irtas of colloid within the large 
cystic spaces (I ow power ) 


On September 7, 1937, a nodular mass was removed from the left lobe of the 
thyroid, which extended 2 cm beneath the sternum The tumor was irregular but well 
encapsulated, measuring 35x4 cm and involving piactically the entire lett lobe of the 
thyroid On cut section three distinct nodules were present Each was surrounded by 
a thick fibrous capsule The surface was homogeneous, pale yellow in color There 
was no resemblance to normal thyroid structure 

Histologic examination revealed an extremely cellular structure with numerous 
islands of compact epithelial cells attempting to foim acini The basement membrane 
was fairly distinct The epithelial cells were large and granular in appearance The 
alveoli were diminished in size and contained a small amount of colloid The entire 
area was extremely vascular Diagnosis Benign Hurthle cell tumor of the tbjroid 
Since removal, there has been no evidence of recurrence of disease 
Case 2— J A, Negro, female, age 38, was admitted to the Emory University 
division of Grady Hospital, November 9, 1936 The chief complaint was an enlarge- 
ment of the thjroid This had been present for five years as a small nodular mass m 
the nglit side of the neck The patient had had frequent attacks of sore tin oat and 
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difficult in M\ allowing foi the two months pnor to admission She had marked 
dysphagia and dyspnea, particularly on lying flat m bed 

Physical examination showed a well developed and nourished Negro female The 
right lobe of the tlnioid w'as moderately enlaiged, and w'as displacing the trachea to the 
opposite side The remainder of the ph\sical examination w'as normal except foi a 
fibioid tuinoi of the uterus 
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1 athologic cxaniinatioii revealed a mass 6\axa rm Ti,» r 
surrounded by a thick capsule On cut sertmn fi e surface was irregular and 
dense fibrous trabeculae dividing the mass The ^ grayish-yellow with 

"'“hS 

Histologic CNamination revealed many cystic suaces hnor-l hv n t- i. t 
Beuvee, „„sc c,s.,c area, ,l,c„ „„ a d.ffcrc,.. ce.lular s.r«„ae 



Tig 4 — Cnse 2 Showing the large imKhednl shaped cells with prominent 
gnnulir nuclei (High power) 



Fig 5 — Case 3 An adenocarcinoma which presents a cellular structure 
composed of large cells forming irregular sizes and shapes of aheoli (Low 
power } 

large pale cells and contained considerable granular material The nuclei were large, 
granular and ovoid m shape There was very little stroma and no evidence of hyper- 
plasia Diagnosis Hurthle cell tumor 

There has been no eridence of recurrence of the disease 

Case 3— E H, Negro, female, age 54 , was admitted to the Emory University 
division of Grady Hospital, April 27, 1937, complaining of hoarseness and enlargemen 
of the glands of the neck Patient stated that, for about 3 years, she had noticed fivo 
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small nodules in the lower part of the right side of her neck These remained un- 
changed until about six months before admission, when they began to increase in size 
and to cause difficult}'^ in breathing Soon afterwards she became hoarse and had con- 
tinued so until admission She had lost 25 pounds in weight over a period of two years 
Physical examination revealed numerous nodules adjacent to the thyroid cartilage 
and extending on the inner side of the right sternomastoid muscle accompanying the 
internal jugular vein There were five discrete nodules along this area The thyroid 
gland was enlarged, irregular in shape and slightly tender The remainder of the 
physical examination and laboratory findings were negative 

On May i, 1937, a small nodule measuring 2 cm in diameter was removed for 
diagnosis On cut section the surface was roughened and had a yellowish-white color 
Microscopic examination revealed a thickened capsule enclosing large epithelial 
cells which contained hyperchromatic nuclei These cells were attempting to form 
regular acini in which there were small amounts of colloid The acini were small in 



Fig 6 — Case 3 Presenting typical large epithelial cells with -very 
prominent cell walls There are many chromophobic vacuoles and mitoses 
(High power ) 


type and the basement membrane was indistinct The nuclei were very granular and 
contained many mitotic figures The stroma consisted of loose connective tissue which 
was surrounded by many thick-walled blood vessels An occasional foreign body type 
of giant cell was seen Diagnosis Malignant Hurthle cell tumor of the thyroid 

At operation. May 8, 1937, the sternomastoid muscle and the internal jugular vein 
on the right side were removed with accompanying lymph nodes The right lobe of 
the thyroid was found diseased, but the left was apparently normal The right lobe 
consisted of an extremely nodular and hardened gland which was densely adherent 
to all the surrounding structures The right lobe measured 4x3 cm On cut section 
there were many large cystic spaces which contained greenish gelatinous material 
Between these areas was a solid structure which was pale in color There was no 
evidence of normal thyroid tissue m the right lobe 

Histologic section was similar to that seen in the previously examined lymph 
node The cells were large and formed irregularly shaped small acini The nuclei 
were prominent and contained considerable granular material Mitoses were numerous 
There were scattered areas of calcification through the entire lobe Diagnosis Malig- 
nant Hurthle cell tumor of the thyroid 

The patient recovered from this procedure without incident Roentgenograms of 
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tnc long bones were negative for <=!,„ , 

over the neck and the region of the thvioid Iher postoperative irradiation 

of the tumor ^ There has been no evidence of recurrence 

D,sciiu,o„ —In oidet to evaluate the tanotis theoiies legaicling the his- 
ogenesis of these tiimois, it is fiist necessaiy to leview some of the con- 
cepts of development and function of the thyioicl 

Since the desciiption of the foimation of the follicle h} the eaily inves- 
tigators, namely, Babei and Huithle, much difference of opinion has arisen 
concerning the method of foimation and the function of the follicles with 
paiticulai lefeience to the i elation of the colloid 

Hurthle" believed that theie weie two t3'pes of mtei follicular cells The 
difference was mainly in the si/e and the content of the piotoplasm The 
small cells weie usuall}' lound in shape, whereas the laige ones were seldom 
so In the development a gioup of the laigei cells came together and formed 
alveoli These cells aie piobably the same as Babei ’s parenchyma cells, 
which aie large interfolliculai cells, iich in piotoplasm, finely granulated 
and with a single laige nucleus Baber^ hist thought the cells were outside 
of the follicles and that the epithelial w'all w'^as flattened and moved aside, 
thus allow'ing the cells to finally leach the intenor of the follicle and become 
a pait of the colloid content Huithle, how^ever, failed to concur m this 
opinion as to the fate of these cells 

Zechel'' ~ believed that theie w'eie two types of cells The first w^eie the 
epithelial cells wdnch w'eie the most pievalent type The second were the 
large cells wdiich w^eie located in the interfolliculai spaces The function of 
the latter was the foimation of new follicles, pioduction of colloid and the 
possible inception of folhculai destruction 

Nonidez^ agieed wnth the occiirience and foimation of parafollicular cells 
but believed they are sepaiate fiom the glandulai epithelium This opinion 
was strengthened by Takagi, m 1922 He w^as able to show a difference in 
the staining charactei istics of the cells 

Marine and Lenhart® consideied the follicles to be the unit of structuie, 
wduch weie lound 01 oval closed spaces lined by cuboidal epithelium Wil- 
liamson and Pearse” thought the thyroid was divided by interstitial tissue into 
lobules These lobules weie thought to be closed by a meshwork of fibro- 
elastic tissue which sig^poits the endothelium of the lymphatic sinusoids 
This was an expansion of the intialobulai lymphatics The coiled columns 
of epithelium weie located within the sinusoids The columns of epithelium 
were suriounded by a peculiar laddei-hke plexus of capillaries 

Gale Wilsoiff'’ studied 1101 mal and abnoimal thyroids and was unable 
to find such a unit stiucture as Williamson and Peaise She considered, also, 
the process of vesiculation to be the means wheieby the continuity of the 
follicles was niaintauied The follicles a.e tlioiiglit to 
to have individual lobules bathed by lymphatics These 
anatomic beliefs aid in suppoiting and fuinishing evidence foi the 

lictilai theory of foimation 
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Get/.owa’ piesumecl that the cysts seen in the ati opined thyioids of 
cietins and idiots weie piohably lests of the piimaiy lumen of the post- 
bianchial body It was also concluded that the histologic stiucture of the 
cell masses is not compaiable to the thyioid oi paiathyioid as they aie 
composed of laige pi otoplasm-i ich cells and often contain cilia in the small 
lumen The authoi believed these masses to be lemnants of the glandulai 
parenchyma of the postbi anchial cell masses These cells weie snnilai to, 
if not identical with, the epithelial cells of the laige cell, small alveolai tumors 
described by Langhans 

Eisenbeig and Walleistem^^ weie firm believers of the paiathyioid theory 
of formation of these tuniois It was thought that the cells arose from 
parathyroid cells either within or outside the thyioid The belief was based 
on the desciiption of the piinciple and chief cells of the paiathyroid made by 
Welsh, m 1898 The similaiity of the oxyphilic cells desciibed by Hurthle 
was noted by this investigation 

Theie is no unanimity of opinion concerning the oiigm of these tumors, 
but the histologic stiuctuie is well undei stood Ewing’s^- description ex- 
plains the fundamental stiuctuie 111 that they aie “small, well foimed alveoli 
lined by one 01 moie layers of iriegulai cells Some are clear, cuboidal 01 
cylindrical or iiiegularly polyhedial Otheis aie laige, sometimes giant size, 
finely granulai eosinophilic, and opaque, resembling granulai supiaienal or 
liver cells The nuclei are small and vesiculai m type with prominent nucleoli 
Rather numeious globules of colloid aie usually piesent and the original 
structuie leappeais 111 metastasis” 

Ewing classifies these tumois as “small alveolar, laige cell adenocai- 
cinoina,” as Langhans originally did Contrary to the belief of many, he 
consideis all of these tumois malignant 

Theie is no essential diffeience m the course of these tumors and similai 
ones of the thyioid The nnpoitant featuie is the lecognition of the malig- 
nant and benign types Thei e has been inadequate investigation to determine 
whethei these malignant growths begin from benign lesions 01 if these types 
develop as separate tumois. as in othei types of adenomata 

The treatment should be early suigical removal It is obvious that 
diagnosis of this type of thyroid will not be made until after lemoval It is 
frequently impossible to recognize the malignancies, as the one reported 
here was not seen until legional metastasis had occuiied 

SUMMARY 

(1) Thiee cases of so-called Huithle cell tumor of the thyioid are le- 
ported Two are classified as benign and one as malignant 

(2) The possible origin of these tumois is piesented As yet, there is 
no unanimous opinion legardmg their histogenesis 

(3) The clinical course and treatment of these lesions are similai to 
othei thyroid adenomata, both the benign and malignant types 
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Retropharyngeal and lateral pharyngeal abscesses have been recognized 
and described under vaiious teims (phaiyngeal abscess, pharyngomaxillary 
abscess, postphai yngeal abscess, abscess of tbe neck, phlegmon of the neck, 
pterygomaxillary abscess, etc ) for a long time According to Holmes (1907), 
Galen lefeired to a case of retropharyngeal abscess Alim (1851) stated that 
the earliest mention of abscess behind the pharynx is to be found in the works 
of Plateius, in 1625 Horner (1818) described a case starting from ulcera- 
tions of the tonsil Abercrombie desciibed three cases, in 1819, and Fleming 
two cases, m 1850 Among othei early leports and discussions were those of 
Taylor (1846), Henoch, m 1850 (Holmes, 1907), Pretty (1858), Bokai, Si , 
in 1876 (Holmes, 1907), Chiene (1877), Elliot (1879), Smith (1879), Savoy 
(1880), Allen (1881), Cheyne (1881), Agnew (1882), McCoy (1882), 
Sands, (1882), Tyler (1882), Parker (1883), de Blois (1885), Glutton 
(1887), Burckhardt (1888), Hawkins-Ambler (1891), Beig (1894), Bokai, 
Jr , in 1896 (Holmes, 1907), and Koplik (1896) 

Morse (1903) discussed the etiology and pathologic anatomy in detail 
Similar desciiptions were made by Meieihof (1905), Waugh (1906), Sheedy 
(1912), Badgerow (1912), Alexander and Montague (1913), McKenzie 
(1915), Fulkerson (1916), Richardson (1920), Waldapfel (1928), and Beck 
(1932) Travels (1902), Palmer (1933), and Sahngei and Pearlman (1937) 
emphasized secondary hemoi rhage fi om erosion of the large vessels of the neck 
Drainage of the superioi and posterior mediastinum by cervical and thoiacic 
approaches was described by Nasiloff (1888), Quenu and Haitmann (1891), 
Bryant (1895), Rehn (1898), Heidenhain (1899), Von Hackei (1901), 
Guadiani (1916), Lerche (1921-1924), and Lilienthal (1923) Dean (1919) 
described a method of external diamage for abscesses secondary to caries of 
the vertebrae Mosher (1920 and 1929) discussed the fasciae and fascial com- 
partments of the neck, emphasized the importance of thrombosis of the internal 
jugular vein and described incisions for diainage Furstenberg (1929) de- 
scribed the fascial layers and compaitments in the neck, and discussed the 
routes of spread from the nose and thi oat to the posterior mediastinum He 
also discussed cervical (collar) and thoracic (doisal) mediastinotomy Kana- 
vel (1922) described two cases tieated by external incision Numerous other 
articles, mostly case reports, have been found in the literature 

In a previous article (Grodinsky and Holyoke, 1938), a description of 
the fasciae of the head, neck and adjacent regions has been given based on the 

Submitted for publication November 12, 1938 
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niiclsipitfil section 



Tig 2 — DnKnmnntic drawing of 
fascne of neck Transverse section an 
proxiniately at the level of the 6th cerv 
ical vertebra 



space to the lateral pharyngeal space and spaces 


3 and 4 


Key to Abbreviations on Illustrations 

ALAR F— Alar fascia AX SP— Axillary space ARYT —Arytenoid cartilage 
A AOR — Ascending aorta AZ V — Azygos vein BR PL — Brachial plexus CLAV — 
Clavicle CORO C— Coracoid process CRIC— Cricoid cartilage C C A— Common 
carotid artery CONST PHAR SUP M— Superior pharyngeal constrictor muscle 
D AOR — Descending aorta D D PECT F — Deep layer of deep pectoral fascia 

178 



volume no RETRO- AND LATERAL PHARYNGEAL ABSCESSES 

>»nmbei 2 

study of 75 adult cadaveis and five full teim fetuses by dissection, injection 
and section methods In a second aiticle (Giodinsky, 1938), this description 
was reviewed with special lefeience to its application to the clinical entity 
known as Ludwig’s angina It is my puipose in this article to leview this 
anatomic desciiption with special refeience to letiophaiyngeal abscess and to 
discuss the clinical pictuie and treatment 

Anatomy — Lay os of Fasciae The supei ficial fascia is a continuous sheet 
of fatty tissue extending fiom the head and neck into the legions of the tlioiax, 
shouldeis and axillae In the neck it is a model ately loose layei containing the 
platysma muscle m its deep poition In the face the supei ficial fascia is very 
adheient to the ovei lying skin and contains the muscles of expression in its 
deep poition 

The supei ficial layei of deep fascia crosses the anteiioi tiiangle of the neck, 
splits to foim the sheath of the sternocleidomastoid muscle, crosses the pos- 
teiior triangle, splits to form the sheath of the tiapezius muscle, and finally 
attaches to the spines of the veitebiae in the midline posteiioily In the mid- 
Ime anteiiorly, it splits to foim the supi asternal space of Burns, its anterioi 
and posteiior leaflets attaching to the coi responding margins of the sternum 
Latei al to the sternum, it is attached infei lorly to the clavicle, aci omium, and 
spine of the scapula A coiiesponding layer, the superficial layei of deep 
pectoial fascia, then continues fiom the anteiior mfeiior suiface of the clavicle 

DELT M — Deltoid muscle DIG ANT M — Digastric muscle, anterior belly DIG 
POST M — Digastric muscle, posterior belly E C A — External carotid artery 
EPIGL — Epiglottis ESOPH — Esophagus EUST TUBE — Eustachian tube GEN 
GLOS M — Genioglossus muscle GEN HY M — Geniohyoid muscle GLOT — Glottis 
HY — Hyoid bone HY GLOS M — Hyoglossus muscle I C A — Internal carotid 
artery I J V — Internal jugular vein L LUNG — Left lung LEV VEL PAL M — 
Levator veil palatini muscle LAT PHARYNG SP — Lateral pharyngeal space 
MAND — Mandible MASTIC SP — Masticator space MAST PROG — Mastoid 
process MAX S — Maxillary sinus MY HY M — Mylohyoid muscle OCCIP 
BONE — Occipital bone OM HY M — Omohyoid muscle P A — Pulmonary artery 
PAROT GL — Parotid gland PECT MAJ M — Pectorahs major muscle P F V — 
Posterior fascial vein PREVERT F — Prevertebral fascia PT INT M — Internal 
pterygoid muscle PT EXT M — External pterygoid muscle PHR N — Phrenic nerve 
PAR PL — Parietal pleura R LUNG — Right lung SCAL F — Scalenus fascia SCAL 
ANT M — Scalenus anterior muscle SCAL MED M — Scalenus medius muscle 
SCAL POST M — Scalenus posterior muscle ST — Sternum SCAP — Scapula SUP 
D F — Superficial layer of deep fascia SUP D PECT F — Superficial layer of deep 
pectoral fascia SUBMAND SP — Submandibular space SUP ST SP — Supra- 
sternal space SUB MAX GL — Submaxillary gland S V C — Superior vena cava 
ST CL M — Sternocleidomastoid muscle ST HY M — Sternohjoid muscle ST 
THY M — Sternothyroid muscle STY HY M — Stylohyoid muscle STY GLOS 
M — Styloglossus muscle STY PHAR M — Stylopharyngeus muscle SUBCLAV 
M — Subcla-vius muscle SYM — Sympathetic trunk TEMP M — Temporalis muscle 
THY — ^Thyroid cartilage THY GL — Thyroid gland THYM GL — Thymus gland 
TRACK — Trachea TRANS F —Transversahs fascia TEN VEL PAL M — Tensor 
veil palatini muscle TRAP M — Trapezius muscle THY HY M — Thyrohj'Oid 
muscle Vise F — Visceral fascia VISC PL — Visceral pleura VISC SP — Visceral 
space V N — Vagus nerve ZYG — Zygoma 
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aiomid the pectoialis majoi muscle, and at the lateial inferior border of tins 
muscle becomes the deep axillaiy fascia, which crosses the axilla and splits to 
foim the sheath of the latissimus doisi muscle (Figs i, 2, 6 and 7) 

Supeiioily the supeificial layei of deep fascia attaches to the hyoid bone, 
and pi oceeds acioss the submental and submaxilJaij^ i}}3ng}es (submandibular 
space) It fuses with the sheath of tlie anteiioi belly of the digastric muscle 
although the two layei s may be easily sepaiated It also becomes attached to 
the sheaths of the stylohyoid muscle and the posterior belly of the digastric 
muscle, and then splits to foim the capsule of the submaxillary salivary gland 
This IS a completely closed capsule which attaches stiperioily b}^ two slips to 
the supeificial and deep maigins of the body of the mandible The anterior 
belly of the digastric, the mylohyoid, the geniohyoid, the genioglossus, and the 
hyoglossus have independent sheaths with bony attachments at the attachments 
of these muscles (Figs i, 3, 5 and 9) 


riRurcs 4 to 9 incliisi%c urc line <lrn«tnK>; nmle on bleoclied photographs of serial sections of 

himnii milrri il 



Fig 4 — Transverse section of adult cadaver 
at level of hard palate Superior view 



jViQ 5 — Transierse section of aduU 
cadner through the tongue and the pal 
atine tonsil Superior \iew 


Between the angle of the jaw and the antenor border of the sternocleido- 
mastoid muscle, the superficial layer of deep fascia splits to form the capsule 
of the parotid gland, which in oui experience is complete on all sides hrom 
the body of the mandible, the superficial layer of deep fascia extends superior y 
to form the sheath of the masseter muscle and attaches to the zygoma above 
It then continues supencriy ovet the tempo.al muscle as theater 
temnoral fascia At the anterior and posterior borders of the masseter, it 
paTs around the corresponding borders of the ramus of the mandible and 
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and p) CVC) tch a! fasciae, including- the continuations of the lattei . e a scalenus 
tiansvei sails, and Sibson’s fasciae 

The aim fa<;cia extends acioss the niidline posterioi to the phaiynx, esopha- 
gus and visceial fascia, and fuses uith the pieveitebial fascia at the tips of 
the transveise piocesses, to which both these layeis aic attached It then 
passes antei olaterally to foim the medial wall of the caiotid sheath, fusing with 
the steinothyioid layei and the deep surface of the sternocleidomastoid sheath 
It also foims the posteiior and lateial walls of the caiotid sheath, again fusing 
with the deep surface of the sternocleidomastoid sheath and thus foiming a 
complete sheath of alai fascia, the carotid sheath Posterioi ly, between the 
ti ansverse pi ocesses, the alar fascia extends fi om the base of the skull to about 
the level of the seventh ceivical veitebra, where it becomes intimately fused 
with the visceial fascia (Figs i to 8) 


i< / / ' 1 - 



Tig 7 — Tr'iiisvcrse section of adult cadater tliiough the root of the 
neck Superior \ leu 


The evei tehal layei lies just antei lor to the bodies of the veitebrae from 
the base of the skull to the coccyx In the neck, it extends laterally to the tips 
of the transveise processes where it is fused both to these piocesses and to 
the alar fascia Lateral to the transveise piocesses, it becomes the scalenus 
fascia which forms the sheaths of the scaleni, splenius capitus, levator scapulae 
and the other deep muscles of the back of the neck, and finally attaches to the 
spines of the vertebrae Inferolaterally the scalenus fascia, after giving origin 
to the axillary sheath enclosing the axillaiy vessels and biachial plexus attaches 
to the first and second iibs In the thoracic and abdominal regions, the lateral 
extension of the prevertebral fascia becomes the extrapleuropentoiieal o. trans- 
versalis fascia Over the dome of the pleura, it is identical with the layer oft 
described as Sibson’s fascia (Figs i to 8) 
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RETRO- AND LATERAL PHARYNGEAL ABSCESSES 


Foscial Spaces Supcificial Space i — This is the potential space between 
the skin and deep fascia, that is, within the supeificial fascia It is the seat of 
siipeificial cellulitis and is continuous from legioii to region, in this case from 
head to neck and tiiink In the neck it may be subdivided into supeificial 
and deep poi tioiis by the platysma muscle, both divisions being fairly loose and 
allowing lathei laige accumulations of fluids (Figs i to 7, and 9) 

The deep ja<;cial spaces ma}^ be consideied undei two headings Those of 
the iiifiahyoid legion and those of the siipiahyoid legion For convenience 
ve have loughly divided the mfraltyoid spaces into those of the anteiior and 
posteiioi tiiangles, the foimei being designated by numeials and the lattei by 
coi 1 espondmg numeials followed b}'- the lettei “A ” 

Inf I ahyoid Spaces S pace 2 — This is the potential space betw een the supei - 
ficial la}ei of deep fascia and the deep layei of the steinothyroid-thyiohyoid 
sheath It contains, theiefoie, the steinohyoid-omohyoid muscles with their 
sheaths and the steinothyioid-thyiohyoid muscles with the anteiior layer of 
then sheaths The extent of the space vas demonstrated by injections of 
gelatin coloied with India ink, as w^ell as by study of dissections and sections 
It IS continuous acioss the midline and is blind lateially wheie the sternohyoid 
and sternothyioid layei s fuse to the deep suiface of the steinocleidomastoid 
sheath It is also blind superioily at the hyoid bone, supei olatei ally along the 
supei olateial hordei of the anteiioi belly of the omohyoid, and inferioily at 
the sternum and clavicle The most fiec|uent extensions of injected masses 
fiom this space weie along the pulley of the omohyoid to Space 2A, super- 
ficiall}^ into Space i, and deeply into Space 3 (Figs i, 2, 6, 7 and 9) 

Space 2A — This space, hetwi’een the superficial layei of deep fascia and 
the sheath of the posteiioi belly of the omohyoid muscle, is blind anterioily at 
the pulley, posteiioily at the mseition of the omohyoid (posterior belly), pos- 
teiosuperioily along the posteiosupeiioi boidei of that muscle, and infeiioily 
at the clavicle The most common extensions fiom this space were along the 
pulley into Space 2, and into Spaces i and 4A (Fig 7) 

Space j — This is the potential space betw^een the visceral fascia on the one 
hand, and the steinothyioid layei, caiotid sheath and alar fascia on the othei 
It thus has anteiior, lateial, and posteiior poitions, all continuous On the 
posteiioi side, it extends fiom the base of the skull to the level of the seventh 
cervical veitebia, where it is shut off by the close fusion of the visceial and 
alar layei s On the anteiioi side, it extends fiom the thyioid cartilage to the 
uppei border of the aich of the aoita (fourth thoiacic vertebra), wdiere it is 
shut off by dense adhesions between the fibi ous pericardium and the stei num 
Laterally this space is blind at the loot of the neck, where there are dense 
adhesions between the alai and visceial fasciae around the infeiior thyroid 
arteiies Injected masses tended to lemain localized within this space (3) 
but, when spread did occtii, it was usually into Spaces 2 and 4, and infenorly 
into the supei 101 mediastinum slightly lowei than the normal limits of the 
space This is of special impoitance in letiopharyngeal abscess Retio- 
phaiyngeal abscess may thus be confined within the visceral space (between 
the phaiyngeal wall and the visceral fascia) or within Space 3 (betw^een the 
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see al and alai fasciae), the extension from the nose and throat occurring by 
lymphatics oi direct continuity Space 3, as we shall see, is directly continu- 
ous with the lateial pharyngeal or pharyngomaxillary space However retro- 
p laiyngeal abscess may also involve Space 4 (see below) either by direct lym- 
phatic extension from the nose and throat or by extension through the alar 
fascia fiom Space 3 (Figs i to 7) 

Space 3 A This is the potential space within the carotid sheath Primary 
injections into this space were usually limited closely to the region of injec- 
tion, but m some cases extended as high as the hyoid bone and as low as the 
loot of the neck, beyond which levels the close adherence of the sheath to the 



Tig 8 — Transverse section of adult cadaver through the superior 
mednstinum Superior t lew 

contained stiuctures made further spread impossible The space therefore 
bears little relation to infections of the head and neck except those associated 
with thiombosis within the internal jugular vein and with the lymph nodes 
lying within the sheath According to Mosher (1920 and 1929)? thrombosis 
of the internal jugular vein occurs either by primaiy extension of infected 
emboli from the veins of the nose and throat where retropharyngeal abscess 
begins , or secondary to adenitis and paradenitis of the retropharyngeal, lateral 
pharyngeal (deep parotid) or pendent groups of lymph nodes which dram 
the nose and throat Waldapfel ( 1928) demonstrated the presence of thrombi 
in the tonsillar veins, but stated that nevertheless thrombosis plays but a 
minor role and that the priniai y aim should be drainage of the infected focus, 
e g , the lateral phaiyngeal space which the pus reaches by lymphatics or direct 
extension from the nose and throat Accoiding to him, ligation of the internal 
jugular vein is of secondary importance It may be done if easily accessible, 
but IS not absolutely necessary (Figs 2 to 7) 
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Space 4 — This space, often lefened to as the “clanger space,” is the loose 
aieolar space between the alai and prevertebial fasciae It is limited lateially 
wheie these layeis fuse at the tips of the transverse processes It extends 
supeiioily to the base of the skull and infeiiorly into the posterioi medias- 
tinum It IS because of the latter lelationship that it is often called the 
“dangei space ” Theie was veiy little tendency foi injected masses to spread 
beyond this space, the most common being into Space 4A However, extension 
did occur from other spaces into this space, especially from Space 3 It is in 
this way that Ludwig’s infection and reti ophai yngeal abscesses find then 
way into the posteiioi mediastinum As stated above, i eti ophai yngeal abscess 
may start in Space 4 (by lymphatic extension from the nose and tin oat) or 
may secondaiily extend into Space 4 from Space 3 (Figs i to 8) 

Space 4A — This is the potential space between the supei ficial layer of 
deep fascia and the scalenus fascia In the subclavian tiiangle, it lies between 
the sheath of the posteiioi belly of the omohyoid muscle and the scalenus 
fascia This space is continuous with the axilla, but a rathei dense fatty pad 
between the clavicle and fiist 11b makes tins communication less free (Figs 
2 to 7) 

Space 5 — This is the potential space between the prevertebral fascia and 
the bodies of the vei tebi ae It extends fi om the base of the skull to the coccyx 
and IS limited laterally by the attachment of the pievertebral fascia to the 
transverse piocesses Theie was very little tendency for injected masses to 
rupture through the walls of Space 5 into Spaces 4, 4A, and 5A However, 
this did occur at times Space 5 is the space involved m tuberculosis of the 
bodies of the vertebrae, lesulting in cold abscesses These usually extend 
inferiorly posteiior to the pieveitebial fascia along muscles taking origin from 
the vertebral bodies (psoas abscess) Sometimes they remain localized in the 
cervical region They eithei stay posteiioi to the pieveitebral fascia (in 
Space 5) or rupture tlnough that layer and entei Space 4 Flowever, the 
typical reti opharyngeal abscess oiiginates in the nose and throat and the 
typical cold abscess gravitates to a lower plane within Space 5 (Figs i to 8) 

Space sA — This space, posterioi to the scalenus fascia, lies between the 
deep muscles of the back of the neck Infections within it extend superiorly 
and inferiorly along these muscles, thus sometimes traveling gieat distances 
(Figs 2 and 4 to 8) 

Supi ahyoid Spaces The Masftcato), Temporal and Paiohd Spaces — 
The mashcatoi space is bounded by the supei ficial layer of deep fascia which, 
after forming the sheath of the masseter muscle, passes aiound the anterior 
and posterior bordeis of the lamus of the mandible and becomes continuous 
with the sheaths of the pteiygoid muscles The space thus contains the 
masseter muscle, the external and internal pteiygoid muscles, and the ramus 
of the mandible It is closed on all sides except supei lorly, where it is in 
relation with the tempoial space, deep to the deep tempoial fascia Injections 
into either space spread to the other, and under increased pressure, ruptured 
either superficially through the masseter sheath, or deeply into the parotid 
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space 01 ateial phaiyngeal and submandibulai spaces The pmohd space 
was found to be a completely closed space formed by a spht of the superficial 
layei of deep fascia and occupied by the parotid gland, external carotid 
aiteiy, and posteiioi facial .ein Injections made into this space showed 
in Itiation into the substance of the gland and ruptures thiough the capsule 
superficially with subcutaneous collections and deeply with extensions into 
the masticatoi, lateial pharyngeal, and submandibulai spaces (Figs 3, 4, 5 

The Latoal Phaiyngeal Space — This important fascial space of the head 
is bounded by the phaiynx, medially, the styloid muscles and caiotid sheath, 
posteiioily , the paioticl gland, postei olatei ally , the mandible, pterygoids and 
massetei, antei olatei ally , and the ptei ygomandibulai raphe, anteiiorly Su- 
penoil}' it extends to the base of the skull and inferiorly it is shut off from 
the neck by the attachment of the submaxillaiy capsule to the sheaths of die 
stjdohyoid and the posterioi belly of the digastiic muscles Inferoinedially 
It communicates freely with the submandibulai space deep to the submaxillaiy 
capsule Posteromediali}' it communicates with Space 3 Injections made 
thiough the palatine tonsil and lateral phaiyngeal wall went diiectly into the 
lateial phaiyngeal space Fiom heie, the injected masses spread easily into 
Space 3 and, in some cases, ruptured through the alar fascia into “danger 
space’’ 4 Extensions into the submandibular space took place fieely The 
lateral phaiyngeal space is theiefoie infected from tonsillai abscesses, fiom 
letiophaiyngeal abscesses involving Space 3, and secondaiily from the flooi 
of the mouth thiough the submandibulai space Likewise, infections in this 
space may spread to the sulimandibular space and, in the latei stages, lesemble 
ti ue Ludwig’s angina (Figs 3, 4, 5 and 9) 

The ‘^Submandibulai Space ” — We have coined the teim “submandibular 
space’’ to include the regions of the submental and submaxillaiy tiiangles lying 
between the mucous membiane of the flooi of the mouth and the supeificial 
layei of deep fascia ovei these legions It thus encloses the sublingual and 


submaxillaiy sahvaiy glands (the lattei in a complete capsule), the gemo- 
glossus, geniohyoid, mylohyoid and digastric (antei 101 belly) muscles The 
flooi 01 deep wall of this space is made up of the hyoglossus muscle and 
supei 101 pharyngeal consti ictoi , the latter covei ed by viscei al fascia Thus a 
group of potential spaces, all communicating, is established between the 
submental muscles, ciossmg the midlme and extending deep to the capsule 
of the submaxillaiy sahvaiy gland, supei olatei ally, to become continuous 
with the lateral phaiyngeal space This gioup of spaces, collectively making 
up the submandibular space, is limited mfeiioily at the hyoid bone where the 
submental muscles and then sheaths attach, and infeiolaterally at the inferior 
bordeis of the stylohyoid and postei lor belly of the digastric muscles, the 
sheaths which are attached to the supeificial layer of deep fascia superficially 

and the carotid sheath deeply (Figs 3, 5 and 9) r t fi 

Injections, made thiough the mucous membrane of the floor of the mou i, 
aiiywheie fiom the midlme anterioily to the anterior tonsillar pillar postei lorly 
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passed into llie subniandibulai space The more anteuor injections fiist 
passed between the submental muscles and then spiead lateiall} toward the 
lateial phaiyne^eal space deep to the submaxillaiy salivary gland The moie 
postcnoi injections passed into the lateial phaiyngeal space moie quickly 
Fiom the lateial phaiyngeal space the injections often passed into Space 3, 
fiom wheic the} sometimes spiead to the supeiioi mediastinum, or broke 
thiough the alai fascia and extended down Space 4 to the posterioi medias- 
tinum Tins IS the pathway taken by infection fiom the floor of the mouth 
m Ludwig’s angina and is piactically a leveisal m dnection of that taken by 
letiophaiyngeal abscess The latter, theiefoie, by extension to the sub- 
mandibulai space, may lesemble Ludwig’s angina m the latei stages, although 
the oiigin and eaily spiead of the tw^o conditions are entirely diffeient (Figs 
3> 5 9) 



Tig g — Frontal section of full term fetus thiough base of tongue 
and posterior nares Anterior view 

Etiology and Pathways of Spread — Retrophaiyngeal abscess may be 
acute or chronic The latter is usually due to tubeiculous canes of the ceivical 
vertebrae, is apt to be confined posteiioi to the prevertebral fascia in Space 5, 
and usually gravitates to lower levels along muscles taking origin from the 
vertebral bodies (psoas abscess) It is most common in adults (Fig i) 

The acute vai lety, on the othei hand, is most common in children, especially 
under the age of three years The poital of entry is piactically always the 
nose, throat or middle eai The infection passes through the pharyngeal wall 
by continuity or more commonly by lymphatics to the retropharyngeal and 
lateral pharyngeal nodes Pei haps the gi eater number of retropharyngeal 
lymph nodes present under the age of three or four years accounts for the 
greater incidence m that age period (Morse, 1903 , Meierhof, 1905 , Alexander 
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and Montague, 1913) The possibility of spiead througli the veins from tlie 
pharynx to the internal jugular veins with thrombosis and secondaiy extension 
to the retro- and lateial pharyngeal spaces must also be kept in mind 

Infection, extending thiough the lateral pharyngeal wall opposite the 
palatine tonsil either by direct continuity 01 by lymphatics, leads to direct in- 
fection of the lateral pharyngeal space On the other hand, infection from 
the posterior pharyngeal wall, nose (including the accessory sinuses) or middle 
ear may reach the retrophaiyngeal space by continuity or lymphatic extension 
As shown above, this infection may be ni the visceial space, Space 3 or Space 4 
As Space 3 and the lateral pharyngeal space aie continuous, there may be 
extension from one to the other On the other hand, extension may occur 
from Space 3 to the superior mediastinum 01 thiough the alar fascia to Space 
4 and thus to the posterioi mediastinum It is because of the possibility of 
such extension that retropharyngeal and lateral pharyngeal abscesses are so 
serious (Figs i to 9) 

The causative organisms are usually the common pyogens Kophk 
(1896) found the Streptococcus m all his cases The Staphylococcus and 
pneumococcus have also been lepoited as causative agents Bokay (Morse, 
1903) reported a case due to the tubercle bacillus These oigamsms get into 
the retro- and lateral pharyngeal spaces by continuity, lymphatics or veins 
— either through inflammation of or trauma to (foreign bodies, opeiative 
trauma) the mucous membrane of the throat, pharynx, nose, accessory sinuses 
or middle ear 

Clinical Picture Acute Reti ophaiyngeal Abscess — The patient, as 
stated before, is usually a child (especially undei three years), although adults 
are not immune (Allen, 1881 , Goodale, 1901) The onset is usually sudden 
Following a nasopharyngitis, the patient develops chills and fever (103° to 
105° F ) There is usually stiffness of the neck muscles and the head may be 
m opisthotonos The throat is sore, the pam being aggravated by swallowing, 
which IS difficult The voice assumes a nasal twang and thirst is marked 
Dyspnea and cyanosis occur as the swelling increases In young children, 
convulsions may ensue 

On examination of the tin oat, a definite bulging of the posterior pharyn- 
geal wall IS noted This is usually a little to one side of the midline due to 
the fact that the retropharyngeal lymph nodes, which aie usually involved, are 
distributed in two chains, one on either side of the midline (Morse, 1903, 
Meierhof, 1905 , Waugh, 1906) Since such swellings are common without 
suppuration in oidinary lymphatic drainage from the nose, sinuses and 
nasopharynx, it is necessary to palpate the mass with the fingeis to determine 
the presence of fluctuation and, in doubtful cases, even to needle the mass to 
prove the presence of pus Extension of the piocess to the supeiior or pos- 
terior mediastinum is indicated by chest pain, dyspnea, persistence or re- 
currence of fever and roentgenographic evidence of mediastinitis 

Lateial Pharyngeal Abscess —This may be secondary to a retropharyngeal 
abscess, or abscess in the parotid, masticator, or submandibular (Ludwigs 
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angina) spaces, oi it may be piimaiy due to extension by continuity, lym- 
phatics 01 veins fiom the tonsil, lateial wall of the phaiyiix, nose or middle 
eai It may, theiefoie, he pieceded oi accompanied by symptoms of re- 
tiophaiyngeal abscess, pai otitis oi Ludwig’s angina On the other hand, the 
fiist localization may be in the lateral phaiyngeal space, in which case there is 
sudden onset of seveie pain and tenderness just below the angle of the jaw 
and ovei the gieatei coinu of the hyoid hone Theie is considerable pain on 
sv allowing and salivation is apt to he excessive An external swelling below 
the angle of the jaw is usually appaient by the second or third day and, in- 
ternally, theie is a bulging of the lateial phaiyngeal wall, especially posterior 
and infeiioi to the palatine tonsil Chills and fevei are usually present 
Howevei, chills do not necessaiily mean thiombosis of veins unless they per- 
sist aftei adequate diainage of the space involved The voice and respirations 
are not affected unless the swelling becomes ver}^ large or is associated with 
1 eti ophai yngeal abscess It is obvious that m the latei stages, retrophaiyngeal 
abscess, lateral phaiyngeal abscess and Ludwig’s angina may closely resemble 
each othei, although the oi igin of each is quite different (Figs 3, 4, 5 and 9) 

Chionic Ret) opJw) yiigcal Abscess — As stated above, this is usually due to 
tuberculous canes of the ceivical veitebrae and is, theiefore, accompanied by 
other signs of that disease such as spinal defoimity, spasm of the muscles of 
the back of the neck and associated cold abscesses gravitating to lower levels 
(psoas abscess) Roentgenographic evidence of cai les of the ceivical vertebrae 
confiims the diagnosis Since the vertebial bodies are m the midline, this 
abscess is apt to cause foiwaid bulging of the posteiioi wall of the pharynx in 
the midline, m contrast to the condition m acute reti opharyngeal abscess 
(Figs I to 9) 

Treatment — Eaily and adequate drainage is essential Theie is some 
difference of opinion as to whethei diainage should be internally through the 
posterior pharyngeal wall 01 externally thiough the neck There are many 
reports of successful diainages thiough the mouth (Alim, 1851 , Smith, 1879, 
Allen, 1881 , Agnew, 1882, McCoy, 1882, Sands, 1882, de Blois, 1885, Tlel3^ 
1891 and 1892, Moore, 1893, Beig, 1894, Wharton, 1894, Kophk, 1896, 
Evans, 1897, Goodale, 1901, Tiavers, 1902, Morse, 1903, Meierhof, 1905, 
Holmes, 1907, Sheedy, 1912, Alexander and Montague, 1913, McKenzie, 
1915) The objections to this method are the danger of aspiration of pus into 
the lungs causing suffocation 01 secondary abscess, the possibility of second- 
ary infection from the throat, and the tendency of internal incisions to close, 
making reoperation sometimes necessaiy On the othei hand, the simplicity 
of the procedure m comparison with the external approach favors its use 
Furthermoie, by quickly inverting the child after the incision, the danger of 
aspiration can be laigely avoided (Figs i, 3 and 5) 

External diainage was first performed by Chiene (1877), who made an 
incision along the posterior bolder of the sternocleidomastoid muscle and 
reached the abscess by dissecting behind the carotid sheath Similar operations 
were performed by Cheyne (1881), and Hawkins and Ambler (1889) On 
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the othei hand, Bmckhaidt (1888) descnbed and employed an approach 
anteiioi to the sternocleidomastoid muscle similar to the incisions described 
atei by Dean (1919), Kanavel (1922) and Furstenbeig (1929) Mosher 
(1929) advised external diainage thiough a “T” incision below the angle 
of the jaw 111 fiont of the sternocleidomastoid muscle, the submaxillary sali- 
vary gland being displaced and the dissection being earned along the carotid 
aiteiy until the focus is 1 cached This incision is especially applicable to 
piimaiy and secondaiy involvement of the lateial pharyngeal 01 phaiyngo- 
maxillaiy space Dean’s incision is made between the hyoid bone and the 
ciicoid cartilage along the anterior boidei of the stei nocleidomastoid muscle, 
and the dissection passes between the caiotid sheath and the thyroid gland 
This opens Space 3 and drains any collections m this space By plunging 
through the alar fascia with the finger, Space 4 is entered, and collections 
deepei in the retropharyngeal space and posterioi mediastinum are drained 
By going still deepei, thiough the preveitebral fasciae, Space 5 collections 
(due to canes of the veitebrae) may be also drained thiough this approach 
Furstenberg’s incision for ceivical mediastinotomy is similaily placed but 
extends mfei 101 ly to the supi asternal notch (Figs 2, 6 and 7) 

It seems logical to diain small localized acute retropharyngeal abscesses 
without external spelling thiough the mouth, with proper precautions to 
pi event aspiiation into the lungs On the othei hand, lateial pharyngeal 
collections, whethei primary or secondar))-, with tumefaction externally at the 
angle of the jaw, aie best drained by Moshei’s 01 similar external approach 
This will piobably also take care of any associated 1 etropharygeal abscess 
Cold abscesses should cei tamly be drained externally by the method of Dean 
m order to prevent secondary infection fiom the throat Such incisions may 
even be closed tight aftei evacuating the pus (Kanavel, 1929) 

Mediastinotomy is indicated at the first sign of spread beyond the retro- 
01 lateral pharyngeal spaces toward the superior or posterior mediastinum 
There are in general two methods of approach The collar (ceivical) medi- 
astinotomy of Luimann (1876), Obalinski (1896), Cavazzani (1898), Ziem- 
biecki (1898), Heidenhain (1899), Rasumowski (1900), von Hacker (1901), 
Guadiam (1916), Lerche (1921 and 1924), and Furstenberg (1929) > and 
the dorsal (thoracic) mediastinotomy, first described by Nasiloff (1888) The 
collar drainage has already been described according to the technic of Dean 
and Furstenbeig This method is especially applicable to collections in the 
superior mediastinum (Space 3) ^nd in the posterioi mediastinum (Space 4) 
above the fouith thoracic veitebi a (Figs 2 dandy) Dorsal mediastinotomy 
is especially indicated in collections in the posterioi mediastinum below the 
fouith thoracic veitebia and as a secondary opeiation after collai mediastmo- 
tomy (Fig 8) Various technics of dorsal mediastinotomy have been de- 
sci ibed by Quenii and Hartmann (1891 ). Bryant (1895), Heidenhain (1899). 
Endeilen (1901), and Lilienthal (1923) These vary chiefly in the location 
of the incision in 1 elation to the veitebial spines The reader is referred to 
these authors foi details and procedure 
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CASE REPORTS 

Case I — Univeisitj' Hospital No 42968 D F, male, age 15 months, entered the 
University Hospital complaining of sore throat and difficulty in swallowing Two weeks 
previously, he had contracted an acute respiratory infection and the cervical lymph nodes 
became enlaiged External cold packs were applied and seemed to localize the infection 
on the inside, behind the pharyngeal wall Examination showed an infant of stated age 
with temperature of 101° F, pulse 150, respirations 32, apparently in considerable dis- 
comfort The throat showed a bulging of the posterior pharyngeal wall a little to the 
right of the midline Definite fluctuation could be appreciated upon digital examination 
Diagnosis Retropharyngeal abscess resulting from adenitis and paradenitis of the retro- 
pharyngeal lymph nodes, which m turn were infected from the nose and nasopharynx 

Ticatmcut — The abscess was incised through the posterior pharyngeal wall and the 
wound spread with a hemostat, according to the method of Hilton, on the day of entrance 
Considerable thick, yellow pus was obtained which was permitted to dram out, with the 
child’s head lowered to prevent aspiration Uneventful convalescence Patient was dis- 
missed five days after entrance to the hospital 

Comment — This is a case of typical 1 eti ophai yngeal abscess secondary 
to adenitis and paradenitis of the retropharyngeal lymph nodes, following lym- 
phatic extension from the nasopharynx The 1 etropharyngeal abscess piob- 
ably occupied Space 3, and was also localized by an mflammatoiy wall There 
was, theiefore, veiy little tendency to extend lateially and mfeiiorly, and this 
probably explains the good lesults fiom simple mteinal diainage 

Case 2 — University Hospital No 23976 N F , female, age seven months, was 
brought to the University Hospital because of difficulty m breathing She had been well 
until about seven weeks previous to entrance, when she contracted a sore throat and later 
a discharging ear The posterior cervical nodes became enlarged, and were later incised 
During the week previous to entrance, the parents noticed difficulty in her breathing, which 
had become worse during the last 24 hours The patient had lost six pounds during this 
period Examination showed a very pale, emaciated child with a temperature of 101° F 
She was breathing with marked difficulty The cervical nodes were enlarged, a soft, 
fluctuating group being present on the right The posterior pharyngeal wall, a little to 
the right of the midline, was bulging, and fluctuated Diagnosis Retropharyngeal abscess 
Suppurating cervical lymph nodes 

Tieaimcnt — An internal incision through the posterior pharyngeal wall was made 
without anesthesia Several ounces of thick pus were evacuated and the patient’s head was 
lowered to prevent aspiration The fluctuating cervical nodes were incised and drained 
The child improved gradually and was dismissed from the hospital three weeks after 
operation 

Comment — This piesents another case of retropharyngeal abscess in an 
infant involving chiefly Space 3, and localizing in the posterior pharyngeal 
region There was also primaiy and secondary lymphatic drainage from the 
nasopharynx to the pendent group of lymph nodes which suppuiated and 
leqmred separate incision 

Case 3 — University Hospital No 51689 W H , male, age two months, was brought 
to the University Hospital because of difficulty in breathing, of about six hours duration 
The baby had been poorly nourished since birth, but had had no serious illness until one 
week before entrance, when a rounded swelling the size of a cherrj" was first noticed on the 
left side, a little below and posterior to the angle of the jaw The swelling had increased 
considerably About six houis before entrance, the baby had developed difficulty m 
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’In? P^og'-ess.vely worse Examination showed a poorly nourished 

end apparently in severe distress Temperature, ioo° F There was a marked 
and postnasal discharge The cervical nodes were enlarged, with a large, hard swelling 
below the angle of the jaw on the left The posterior pharyngeal wall was bulging espe 
cially a little to the left of tlie midline This swelling fluctuated Both ear dfums were 
dull, thick and red Diagnosis Postnasal discharge Bilateral otitis media Cervical 
adenitis Retropharyngeal abscess 


Ti catment The retropharyngeal abscess was incised through the mouth, with evacua- 
tion of thick pus The head was lowered to prevent aspiration A double paracentesis was 
performed , a bilateral mastoidectomy was, however, necessary a week later 

Postopciative Com sc — The baby apparently recovered from the retropharyngeal 
abscess and mastoid ojierations, but died two weeks after entrance from malnutrition 


Comment— The i eti opharyngeal abscess ni this case may have been due 
to lymphatic diainage fiom eithei the nasophaiynx oi middle ear Drainage 
of the retiophaiyngeal abscess and ears was apparently eaily and adequate, 
but the child succumbed because of malnutrition 


Case 4 — Universitj Hospital No 42267 D B , male, age 33, entered the University 
Hospital complaining of sore throat and difficulty m swallowing About two weeks previ- 
ously he had developed the “flu” and sore throat About five days before admission, his 
throat had become verj' sore and he was not able to swallow or talk He was unable to 
sleep because of pain on involuntary swallowing, and was unable to take fluids or food 
Examination showed a very emaciated young man, unable to swallow or talk above a 
whisper Temperature was 100° F, pulse 60, respirations 18 Local examination revealed 
a large, red swelling of the posterior pliarjuigeal wall, pushing the tonsils forward and 
pressing against the uvula Diagnosis Retropharyngeal abscess 

Ptogtess — The abscess ruptured spontaneously and the patient made an uneventful 
recovery without surgery 

Comment — This is a case of letropharyngeal abscess in the adult Al- 
though It is possible that the infection passed diiectly through the posterior 
pharyngeal wall, it is moie likely that the extension was by the lymphatics 
which, though less abundant than in eaily childhood, aie still piesent in the 
adult The abscess was no doubt localized in Space 3 > thus making the 
spontaneous lupture possible 

Case 5 — University Hospital No 57412 M G , female, age 63, entered the Uni- 
versity Hospital complaining of pain and fulness in the neck at the level of the cricoid 
cartilage The night before, while eating supper, she had a sudden severe pain in her throat 
which later moved to the epigastrium and was referred to the back Laryngoscopic ex- 
amination was negative and esophagoscopy revealed only a red, edematous mucosa 
Roentgenologic examination of the esophagus was negative and study of the chest revealed 
accentuation of the vascular markings with an area of calcification lateral to the right 
hilum Soon after entrance, she experienced considerable difficulty m swallowing Two 
days later she became suddenly cyanotic and expired Autopsy revealed a retropharyngeal 
abscess and posterior mediastinitis 

Comment — This case is a good example of letrophaiyngeal abscess in- 
volving Space 4, due to tiauma of the pharyngeal wall rather than to lym- 
phatic spread from the ear, nose 01 tin oat There was veiy little tendency 
to localize in the head and ceivical region (by inflammatoiy reaction) bu , 
instead, the abscess gravitated to the posterior mediastinum which is diiectly 
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continuous with Space 4 The mediastinitis was not recognized antemortem 
Possibly if it had been, and diainage had been instituted, the fatal outcome 
might have been averted 

Case 6 — Universit}" Hospital No 41614 C A , male, age seven, was admitted to the 
University Hospital with a history of having swallowed a tack one week previouslj’' The 
tack was recovered in his stool six days later His throat became very sore , he was unable 
to swallow, and his voice became nasal in t3'pe Examination showed a thin, poorl}’^ 
nourished boy having some difficulty in breathing, swallowing and talking The throat 
was red The posterior cervical lymph nodes were palpable and the anterior neck was 
swollen from the mastoid to the submaxillary regions Roentgenologic examination 
showed encjsted fluid or pus behind the posterior pharyngeal wall at the level of the 
glottis Examination of the throat showed a bulging of the posterior pharyngeal wall 
which compressed the epiglottis, and interfered with respiration and deglutition Dtag- 
uosis Retropharyngeal abscess following trauma 

Tfcafwcut — On the eve of entrance, the child suddenly became cyanotic and more 
dyspneic, making a tracheotomy necessary A little gas escaped from the sides of the 
larynx and trachea Following this, the posterior pharyngeal wall was incised through the 
mouth and about two ounces of thick, yellow pus escaped Patient made an uneventful 
convalescence and was discharged six days after entrance 

Comment — This is another example of retrophai yngeal abscess due to 
trauma of the posterior phai yngeal wall In this case, however, the tack 
apparently penetrated only the phai yngeal wall and visceral fascia, thus in- 
fecting Space 3 There was some inferior and lateral extension m Space 3, 
but most of the infection remained localized in the oral region and was 
successfully drained through the mouth after a pielimmary tracheotomy 
which included drainage of Space 3 on either side of the tiachea and esophagus 

Case 7 — University Hospital No 18600 C S , male, age 28, entered the University 
Hospital complaining of pain in his throat, difficulty in swallowing, and pain in the neck 
While eating dinner three days previously, he had experienced a sudden pain m his throat 
as though the bolus were lodged there Since then there had been severe pain, especially 
on trying to swallow, and he had been unable to take anything except liquids Twenty- 
four hours before entrance to the hospital, his neck had become swollen and tender 
Examination showed the neck tense, red, and tender from the thyroid cartilage to the 
sternum The throat was red Roentgenologic examination showed a shadow of a 
foreign body anterior to the sixth cervical vertebra, possibly at the entrance of the 
esophagus A directoscope was passed and a large bone was removed from the esophageal 
wall The temperature on entrance was 102 4° F , pulse 104 Diagnosis Foreign body 
Retropharyngeal abscess extending through the neck to the superior mediastinum 

Subsequent Couise and Treatment — Patient carried a septic temperature (loi to 
1042° F ), rapid pulse (120 to 140), and rapid respirations (32 to 45) He had consid- 
erable difficulty in breathing On the third day the neck was incised anterior to the left 
sternocleidomastoid muscle and considerable pus evacuated from around the thyroid gland 
and esophagus (Space 3) At this time the blood culture was positive for Staphylococcus 
and Streptococcus The patient continued to run a septic temperature and in spite of 
supportive measures died rather suddenly 

Autopsy revealed a retropharyngeal abscess (traumatic), fascial space abscess of the 
neck (Space 3) and superior mediastinitis 

Comment — Again we see a case of retropharyngeal abscess m Space 3, 
due to trauma of the pharyngeal wall In this case, the foreign body entered 
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lathei low (at the junction of the phaiynx and esopliagus, about the level of 
the sixth cei vital veitebia) and the infection passed lateially and infeiiorly 
finally i caching the supeiioi mediastinum Ceivical mediastinotomy was 
peifoimed jierhaps a little late, but the septicemia piesent w^ould piobably 
have led to fatal outcome even with eailiei suigical mteivention 

Case 8— Univeisity Hospital No 20411 A H, female, age 34. entered the Uni- 
versity Hospital complaining of sore throat, inability to swallow, and pain in the left ear 
Two weeks previously, she had taken cold, her throat had become sore, and she had 
developed an earache A few da\s before entrance, her neck had become swollen on the 
outside Examination showed an obese woman, apparently in severe pain There was a 
swelling on the left side of the neck extending from the ear almost to the clavicle It was 
hard and indurated The throat was red and there was a definite bulging of the lateral 
pharyngeal wall on the left side There was a small amount of pus coming from an 
opening just above the tonsil Temperature 1035“?, pulse 130 Diagnosis Lateral 
pharjngeal abscess 

Ti cat incut — The day aftei admission, an incision was made anterior to the left 
sternocleidomastoid muscle and a small amount of thick pus was obtained The tempera- 
ture remained high (106° F ), pulse rapid and respirations difficult The patient gradually 
became weaker and expired two days after admission No autopss 

Comment — This case is an example of lateral pharyngeal abscess result- 
ing fiom chiect extension through the lateial phaiyngeal wall or lymphatic 
extension fiom the tin oat ot miclclle eat Extension thiotigh the venous system 
IS also a possibility Unfoitunately no autopsy was obtained, but the clinical 
couise suggests that the infection extended fiom the lateral pharyngeal space 
to Space 3 by continuity Fiom Space 3 the infection, no doubt, spread in- 
feriorly thiough the neck to the supeiioi mediastinum It is also likely that 
the abscess luptured through the alai fascia to entei Space 4, and extended 
infenoily into the posteiioi mediastinum The cervical incision was obviously 
inadequate to properly chain the spaces involved 

Case 9 — University Hospital No 175 H H, male, age 32, entered the Umversitj 
Hospital eomplaimng of sore throat, swelling of the neck, pain in the chest, dyspnea, 
chills, and fever About two weeks before entrance, patient had “La grippe” accompanied 
by sore throat About one week later, his neck began to swell, and he experienced difficulty 
m swallowing and talking A few daj s before entrance, he had had a severe chill lasting 
an hour This was followed by pain m the centei of the chest and difficulty in breathing, 
symptoms which were present on entrance Examination showed a very ill man Tem- 
peratuie 1044° F, pulse 124, respirations 36 The throat was red but not bulging The 
neck was swollen and indurated on both sides from the mandible to the sternum and 
clavicles Dulness and moist rales were present over the lower right lobe of the lung 
Diagnosis Deep neck abscess and right empyema 

Subsequent Cow sc and Ti cat nieiit —Three days after entrance, the neck was drained 
by bilateral incisions and much pus obtained The next day, a right empyerna was 
diained thiough an intercostal incision Patient did poorly and died the following 

Infection of the deep spaces of the neck secondary to retropharyngeal 
abscess and leading to posterior mediastmitis Secondary right empyema by extension 0 
^ifection from the posterior mediastinum 
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Comment — This patient no doubt had a seveie nasopharyngitis during 
his attack of “La grippe” two Meeks before entrance The infection then 
spread by the lymphatics to the retiophaiyiigeal nodes, causing an adenitis and 
paradenitis of these nodes, and resulting in a letiophanngeal abscess The 
latter, however, did not remain localized m the retrophai yngeal space (there- 
fore, there ivas no bulging of the posterior pharyngeal ivall), but extended 
inferiorly m Space 4, producing a posterioi mediastimtis The swelling m 
the neck m as no doubt due to accumulation of pus in Space 4, but there may 
also have been some inferior extension in Space 3, and an adenitis of the 
pendent group of lymph nodes by drainage from the nose and throat The 
incisions in the neck ivere late and inadequate, and no attempt Mas made to 
dram the mediastinum, although the secondar}'- empyema on the light side 
Mas di allied It is conceivable that earlier and more adequate drainage might 
liaie resulted in a diffeient outcome This, m turn, M'-ould have required an 
earlier and more complete diagnosis based upon anatomic grounds 

CONCLUSIONS 

(1) Acute retropharyngeal and lateral pharyngeal abscesses are second- 
ary to infection of the nose, throat 01 middle ear The)’- are 11101 e common 111 
young children undei the age of three }ears This may be due to the greater 
abundance of Ijmphatics 111 that age-peiiod The common pyogens are usually 
the responsible organisms 

(2) The infection reaches these spaces by direct continuity, venous or 
lymphatic drainage, the latter being most common except Mheie trauma is a 
factor, 111 M Inch case the spread is by direct implantation 

(3) Acute retropharyngeal abscess may iniolve the space betMeen the 
pharyngeal Mall and the visceral fascia (visceral space), the space betMeen 
the visceral and alar fasciae (Space 3) or the space betM'een the alar and 
prevertebial fasciae (Space 4) 

(4) Infection in the visceral space is apt to remain localized at the site 
of origin Infection in Space 3 may remain localized at the site of origin, but 
may also spread inferiorly and laterally through the neck to the superior 
mediastinum It may also break through the alar fascia and reach Space 4 
Infection in Space 4 (“danger space”) is apt to grawtate through the neck 
into the postei lor mediastinum 

(5) The lateral pharyngeal space is directly continuous Mith Space 3 It 
ma}'^ be pnmaiily infected fiom the lateral pharjngeal Mall 01 may be second- 
arily infected fiom Space 3. the paiotid space, masticator space or submandi- 
bular space Vice versa, piimar) intection Muthin the lateral phar}ngeal 
space may spread secondaril} into those spaces Infection m the lateral 
phar} ngeal space extending into the submandibular space may resemble Lud- 
M ig’s angina m the later stages 

(6) Chronic reti ophar} ngeal abscess is practically alMa}s due to tuber- 
culous caries of the cervical \ertebiae It is usually confined to Space 5 behind 
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the preveitebral fascia, and usually gravitates to lower levels along muscles 
taking origin from the vertebral column (psoas abscess) It may, howevei, 
lemain localized in the cervical region, m which case it may ruptuie through 
the alar fascia and entei ' dangei space” 4 It is more common m adults 

(7) The clinical picture of pain, difficulty in swallowing and speaking, 
chills and fevei, internal bulging of the pharyngeal wall, and external swelling 
of the neck should make early diagnosis possible 

(8) The treatment is chiefly surgical— eai ly and adequate drainage This 
may be internal through the mouth for cases confined to the posterior pharyn- 
geal legion (visceial space and Space 3) External incision is necessary for 
collections in the lateial phaiyngeal space or infeiior extensions in Spaces 3 
or 4 The “T” incision of Mosher with leflection of the submaxillary 
salivary gland is especiall}^ applicable for collections 111 the lateral pharyngeal 
space Spaces 3 and 4, including collections in the supei lor mediastinum and 
posterior mediastinum above the fourth thoracic vertebra, may be effectively 
drained by ceivical incision anterior to the sternocleidomastoid muscle (collar 
mediastmotomy) Collections in the posterioi mediastinum below the level of 
the fourth thoracic veitebra demand posterior thoracic drainage (dorsal 
mediastmotomy) 

Note — The illustrations are reproduced through the courtesy of the Amoican Joiinial 
of Anatomy 
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Primary lymphosat coma of the stomach is not a common surgical disease 
They compi ise fi om 40 to 50 pei cent of all gastric sarcomata, which, in them- 
selves, form but i to 2 per cent of all gastric neoplasms However, with the 
increase of surgical procedures upon the stomach, it was felt of value to con- 
sidei these lesions from a diagnostic and prognostic point of view, especially 
as it IS impiobable that any one suigeon will deal with any large number of 
cases, wheieby he may judge the value of a particular type of therapy 

No attempt will be made to clarify the perplexing problem of neoplastic 
and neoplastic-like lesions of the lymphoid system Until a clearer conception 
of the histogenesis of these lesions is available, disagreement in both terminol- 
ogy and classification is inevitable An effort has been made here to include 
only those cases of lymphosarcoma that arise primarily from the lymphoid 
tissue of the stomach and aie not a part of like changes taking place simul- 
taneously in similar tissue in other portions of the body Cases with insuf- 
ficient data and those that were not clear-cut histologically have been omitted 
from the statistics However, for the sake of completeness, a number of these 
closely related cases'* have been included in the bibliography 

Five proven cases were found in the files of Presbyterian Hospital These 
will be reported m detail, as they seem significant m calling attention to varia- 
tions in the natural histoiy of the disease — particularly in viewing the outcome 
m relation to the treatment given 

In iSyj, Cruveilhier reported the first case of gastric lymphosarcoma 
(quoted from Form) By iqid) Form, in collecting 200 cases of gastric 
sarcoma, found 33 lymphosarcomata He, for the first time, emphasized the 
necessity of a histopathologic classification of these sarcomata, to supplant 
the purely morphologic, endogastric and exogastric, division D’Aunoy and 
Zoeller, in 1929, reviewed the literature and brought Form’s series up to 
date Since then, except for case reports and small series from individual 
clinics, there has been no extensive 1 eview of the literature The data pre- 
sented’ here will be based on 152 cases of primary lymphosarcoma collected 
from the literature up to 1937, including five cases reported for the firstf time 


from this hospital 

Etiology — The average age of the patients in this senes was 44 3 years, 
which closely approximates the figures quoted by most authors The youngest 


Submitted for publication July 8 , 1938 , , . 1 1 

* References for these cases are marked with an asterisk m the bibliography 
t Case 5 was presented, in 1933, by Dr David Bull before a meeting of the New York 

Surgical Society 
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case was three years and eight months old He lecoveied aftei subtotal re- 
section The oldest patient was 8o years of age, on whom the diagnosis was 
made at postmoitem It will be seen that the average age of these patients 
IS about 10 years younger tlian of those with carcinoma Furtheimoie, theie 
IS a consideiably greater pioportion m the first four decades of life than 
would be found m a similar caicinoma senes, 20 of 114 cases being less than 
40 years of age 

The sex is known in 124 cases There are 78 males and 46 females, a 
latio of I 6 to I — a less maiked male pi eponderance than the 3 to i usually 
quoted for carcinoma 

As with most neoplasms, theie has been considerable speculation regarding 
the etiology of these tumois Pei haps the most prominent “exciting cause’’ 
has been attributed to trauma This causative factor was made much of by 
many of the early authors However, although there aie striking examples 
of coincidental injuries pieceding discoveiy of the lesion, ciitical examination 
of the data is far from conclusive 

Peptic ulcei also has been incriminated as a precursoi of these tumors No 
such relationship has been boine out on histologic examination, even though 
the gross appearance at opeiation is veiy suggestive of gastric ulcer 

Although it has often been suggested that benign lesions of the stomach 
may degenerate into malignant ones — polyps to carcinoma or myoma to sarcoma 
— there is no evidence that lymphosarcoma arises from such giowths 

Some pathologists feel that tuberculous lesions of the stomach may be the 
irritative and initiating factor — paiticularly in the presence of aberiant, undif- 
ferentiated cells in the subniucosa 

Pathology — Primary lymphosarcoma of the stomach can arise fiom any 
lymphatic tissue m the organ It is probable, however, that the lesion begins 
most often in a lymph follicle in the submucosa From this point of origin, 
it penetrates along the tissue spaces and infiltrates the various layers The 
muscle layers particularly are involved, each band of muscle being sepaiated 
by large masses of tumoi cells The submucosa is enoimously thickened, and 
this explains the giant rugae that are sometimes seen m a roentgenogram The 
mucosa, not being the site of the original giowth, does not show the early 
characteristic ulceration of carcinoma However, later ulcei ation does take 
place, and “characteristic” ulcer niches and craters may develop These tend 
to be more shallow than in carcinoma and frequently are multiple Involve- 
ment of the serosa is usually a late manifestation but often assumes great 
proportions Due peihaps to compiomise of the blood supply by diffuse in- 
filtration of all the layers, necrosis is fiequent, and for this reason perfoi ation 
is not uncommon 

Giossly, the lesions may be divided into four tj^pes (Pack and McNeer, 
1935) (I) A single bulky polypoid growth well demarcated from the normal 

stomach, (II) solitaiy 01 multiple ulcei s with surrounding infiltration , (III) 
multiple nodular tumors in the submucosa, (IV) diffuse thickening of the 
wall This last type strongly resembles the fibrocarcinoma designated as 
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hnitis plastica”— except that the stomach is not contracted and large mucosal 
folds ai e h equently pi esent Unfortunately, the largest number are of Types 
11 and As the well demaicated growths are compaiatively infrequent 
lymphosarcoma does not shai e the advantages that some othei of the sarcomas 
have ovei caicmoma from a suigical standpoint The laige pedunculated 
giowths of the exogastiic type found in othei types of saicoma aie not found 
with lymphosai coma 

Gloss diagnosis is not always possible The lesion is most frequently con- 
fused until caicmoma Some cases have been tieated operatively on the 
assumption that a peptic ulcei was the basis ot the pathology Gastric syphilis 
may also be confusing, but the fiequent piesence of large, isolated, succulent 
peiigastiic nodes may serve to diffeientiate this condition 

The cmvatuies aie usually considered as being the commonest site of 
oiigin Actual involvement of the oiifices is unusual, although the lesions 
fiec|uently extend to involve both the anteiioi and the posteiior walls Even 
though the piepyloiic legion is otten involved, p)donic stenosis is an unusual 
finding The location of the lesion is knowm in 74 of the cltses collected Fifty- 
five of the cases involved one 01 both of the cmvatuies in the low'er half of 
the stomach Only six cases had pyloric stenosis Thiee patients had lesions 
high m the caidia, one of wdiom complained of dysphagia Ten cases w^eie of 
the diflfuse infiltiation ‘ linitis plastica" type 

These tumois way simulate at least two of the cell types found in lymphoid 
tissue — the small lymphocytes and the leticulum cells, wdnch lend their names 
to the tw'O types of lymphosai coma encountered Whethei or not the pai ent 
cells of the follicles can give use to a neoplasm has not been definitely estab- 
lished Undoubtedly, these thiee cell types beai a close histogenetic 1 elation 
to one anothei fust wdiat this lelationship is, is not cleai, as is demonstiated 
by the appaient change m cell t3'pe 111 some cases of giant folliciilai hypeiplasia 
as they aie followed thioughout their couise Howevei, in piimary lympho- 
sai coma of the stomach a division into tw'o types, lymphocytic cell and leticu- 
lum cell, seems adequate, and each type has its chai actenstic histology In the 
lymphocytic type the cells lesemble atypical l3miphocytes in size and in the 
1 elation of nucleus to cytoplasm, and have deep staining hyperchi omatic 
nuclei At times theie may be some vaiiation in size, and cells nearly as large 
as mononuclear cells with a somewhat different nucleai aiiangement are noted 
Thus, the impiession may be given of theie being two cell types present 
How^ever, the small round cell resembling a Umphocyte is the piedominant 
and distinctive one Mitoses aie fiequent and often atypical Multmucleated 
and “giant” cells aie occasionally noted Polymorphonudeat cells may be 
found scattered thiough the tumoi tissue, but suiiounding fibiosis and inflam- 
matory reaction is usually not pi esent, even though aieas of liquefaction and 

necrosis are frequently found in the tumoi 

The cells have not the definite connective tissue stroma that is the fiaine- 
woik of a caicmoma, and even with special stains, only a fine, fibious leticulum 
IS demonstiated as the suppoitmg structure It is this chaiacter of the stroma 
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that accounts foi absence of “shi inking” of the stomach and naiiouing of the 
lumen with subsequent stenosis 

All of the layeis of the stomach wall may be entnely leplaced by the tumoi 
Laige aieas may show no intact mucosa and only tiny lemnants of glands will 
be found lying among masses of tumoi cells The musculaiis mucosae is usu- 
ally intact and is involved only m the most advanced cases 

In the reticulum cell type, nifiltiation of the layers may be piesent in a 
similai mannei, but the piedommant cells aie cuboidal to polyhedial m shape, 
the nuclei hyperchi omatic, and a laige, well-defined cytoplasm is piesent 
These cells may vaiy in size and shape m vaiious parts of the tumoi and are 
fiequently bizaiie in appeal ance In some cases, a slightly more prominent 
fibious framework is present Usually the histology is just as distinctive as 
in the lymphocytic cell type Houevei, to differentiate some of these lesions 
fiom highly undifferentiated anaplastic caicmomata is sometimes very diffi- 
cult, and the coi reel diagnosis can be inferi ed only fi om the subsequent course 
of the patient 

The peiigastiic and adjacent i eti opei itoneal nodes aie the most fiequent 
sites of extension They aie smooth and laige and aie lelatively soft in con- 
trast to the hard, moie disci ete metastatic nodes of carcinoma Often they 
are matted togethei so that with involved omentum and aieolai tissue, they 
make a mass largei than the oiiginal tumoi itself On section, the nodes aie 
gray to pink and then stiuctuie appeals completely lost Metastases to livei, 
spleen and panel eas aie found, but laige nodules aie mfiequent In Case r, 
leported heiewith, at autopsy, metastases weie noted in peiigastiic, peii- 
pancieatic, aoitic, iliac, mesenteiic and ceivical nodes, omentum, jDancieas, 
both ovaiies, both lungs, pleuia, diaphiagm and peiitoneum 

Since saicomata, m geneial, aie consideied to have exclusively blood stream 
metastases, consideiable discussion has taken place concerning the mode of 
extension of these tumoi s Ceitainly this type of metastasis does occur m 
lymphosarcoma Howevei, the piimaiy lymph node metastases must be con- 
sidered as occuiiing by diiect extension oi metastasis through the lymphatics 
to the adjacent nodes Tumoi cells actually mfiltiating the Ijanphatics of the 
stomach have been demonstrated m sevei al cases 

Clinical and Laboiafory Data — Caieful evaluation of the clinical and lab- 
oiatoiy findings leveals no single pathognomonic sign m the individual case 
However, when taken as a gioup there aie some suggestive points of differ- 
entiation Pam of the ulcei type is a constant and often an outstanding symp- 
tom “Dyspepsia” and anoiexia aie piominent findings, but a long history 
of anoiexia with advanced emaciation is unusual Some eight loss is the 
lule Vomiting, if piesent, is usually not of the obstructive type, a finding 
which IS easily explainable by the infrequent occurrence of pyloric stenosis 
Hemateinesis is not common, being noteworthy m but 12 cases m the present 
senes Straus (1925) believes it to be diagnostically significant m the presence 
of a nonobstructmg tumoi in a young patient Helena is a frequent finding 
and occult blood was alwaj^s found uhen a test was made for it Perforation 
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of these lesions is considei ably more frequent than with carcinoma A palpable 
mass IS piesent m almost two-thiicls of the cases and is frequently quite large 
m sinking contiast to the absence of advanced emaciation m the patient ’ 
Theie IS no geneial agreement concerning the presence or absence of fiee 
hydiochloric acid Douglas (1920) states that m the presence of a gastiic le- 
sion, youth and free hydrochloric acid aie the most important factors suggesting 
a diagnosis of lymphosai coma In 17 of the 33 cases, m which gastric analyses 
aie repoited, the fiee h3'diochloiic acid was noimal or elevated This is a 
highei pi opoi tion than would be expected m a similar carcinoma series 
Roentgenologic Examination — ^The case of Balfour and McCann is the 
only=*' lecoided case in which the diagnosis was made roentgenologically, pre- 
opei atively There is a unanimity of opinion among most radiologists that there 
IS no typical pictuie upon which to establish a positive diagnosis of lyinpho- 
saicoma The lesion is most fiequently mistaken for a caicinoina, and even 
111 retrospect, the loentgenologic findings aie often “typical” of carcinoma It 
IS also, at times, indistinguishable fiom peptic ulcer, particulaily when a single 
“calloused” ulcer defect is noted in the prepyloiic aiea on the lessei cuivature 
If the history and clinical findings aie taken into consideration, theie are 
some suggestive points two 01 moie defects in separate portions of the 
stomach should arouse suspicion, when they do not appeal to be consistent 
with polyposis In the piesence of a laige palpable tumoi, instead of nar- 
1 owing of the pyloius as with caicmoma, theie may even be widening of the 
lumen Raiely, these lesions when arising m the caidia may show roentgeno- 
logic evidence of extragastiic penetiation thiough the diaphragm This is not 
found with cai cinoma Exaggei ation of the mucosal folds to form giant rugae 
IS seen, but this is not in itself diagnostic, howevei, when they aie present and 
a filling defect is noted m a stomach with pliable walls, one has what is prob- 
ably the most “typical” pictuie of lymphosarcoma 

Cast) oscopy — Foui cases have been observed through the gastioscope 
None of these, howevei, was conectly diagnosed preopei atively Schindler 
(1937) feels that the picture is sufficiently chai actei istic to enable him to 
make the diagnosis in the futuie 

Treatment — Radical, subtotal gastrectomy followed by intensive deep 
ladiotherapy has usually been considered the treatment of choice Operation 
IS contiaindicated only in those patients who are obviously in the last stages 
of the disease Even then some effort should be made to establish a histologic 
diagnosis This point is emphasized because of the maiked regiession follow- 
ing radiation, sometimes seen, m patients who appear to have a far advanced 
gastiic neoplasm Zanetti’s case (1935) appealed to be m excellent health 
and showed no i oentgenologic evidence of disease, two years after presenting 
himself with an apparently hopelessly advanced lesion Undoubtedly, a num- 
ber of patients with lymphosarcoma have died with the diagnosis of carcinoma 
Had the coriect histologic diagnosis been established, it is reasonable to assum e 
Tcase of V (1931) ancTT^rred to bj Bast.ony 

(1935) was not available for study 


204 



Volume p LYMPHOSARCOMA OF STOMACH 

that a few of these might have leceived at least palliation In very sick pa- 
tients and wheie tissue examination is impossible a theiapeutic tiial with 
radiation seems justifiable 

The Polya type of lesection, with whatever modifications the surgeon is 
best acquainted, is well suited to the disease unless the situation oi extent of 
the lesion lequiies complete gastrectomy Since radiation stands as an effec- 
tive subsequent means of tieatment, resection should be pei formed if tech- 
nically feasible, even if it appears questionable that all the local extension of 
the disease can be completely i emoved Palliative procedures, such as gasti o- 
entei ostomy, aie larely indicated, since stenosis is quite unusual and because 
ladiation is of more value 

In this series of 152 cases, celiotomy was perfoimed 111 118 patients 
Seventy-six of these had subtotal gastrectomy performed, with 12 postopera- 
tive deaths — an opei ative mortality of 1 5 8 per cent This 50 pei cent 1 esec- 
tabihty is much greater than caicmoma and the operative moitahty somewhat 
less 

It IS exceedingly impoitant to administer the roentgenothei apy caiefully 
Due to the maiked intolerance to ladiation ovei the epigastrium, only rela- 
tively small amounts can be given undei the most favorable circumstances 
The exact site of the lesion, with the patient in the position he is to assume 
during treatment, should be detei mined by barium meal and the coriespondmg 
area delineated on the abdominal wall This is essential m 01 dei to deliver the 
maximum ladiation directly to the lesion Nausea, anorexia and “burning” 
distress may be so marked as to preclude fuither theiapy if it be poorly directed 
01 if too large daily doses aie dehveied 

Scaled, fractional doses ovei a peiiod of 25 to 35 days aie considered the 
optimum plan of theiapy As Pack and McNeer (1935) lecommend, the 
radiation is best delivered to the outlined lesion thiough three portals, left 
anterior, left posterior and left lateial Between 50 and loor is given at each 
sitting, depending upon the toleiance of the individual patient A total tumoi 
dosage between 2,500-4,0001 is desirable Jf marked improvement lesults, 
but the disease remains, demonstrable clinically or by gasti o-mtestinal senes, 
a second and thud series may be administered at inteivals of from six to eight 
weeks 01 moi e When the tumor seems to be susceptible and gi oss metastatic 
lesions are noted, these should also be ladiated 

Radiation of hollow viscuses containing large ulcerating tumoi masses 
always entails the real dangei of gioss hemorrhage For this reason, Plolmes 
(Cabot Case, 1934) endoises resection whenever possible before radiation 
Howevei, Pack and McNeer (1935), while acknowledging the dangei, have 
not had this complication m treating a number of patients with iriemovable 
lesions The possibility of pioducmg adienal insufficiency with ladiation in 
this area has been also noted, but it has been shown that this probably does not 
occur unless the gland is aheady the site of neoplastic infiltration. 

Undoubtedly, ladiation has secured remarkable results with 1 egression of 
all signs of the giowth for long periods — if not actual “cures ” Hovever, the 
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deg.ee of .ad.csens.t.v.ty of the powth, appareotly, ,s ..of p.ed.ctable fro,,, 
he study of the pathologic n.alenal Thus, a fa, advam ed grou Ih ,uay react 
favoiably for a numbei of yeais to what is geneially consideied inadequate 
ti eatment, while an appai ently faA^orable one will rapidly come to fatal termina- 
tion n ith excellent therapy This suggests that these lesions have a life history 
independent of the type of theiapy admmisteied and what appears to be “cura- 
tive” treatment may be only coincidental in the “natural” couise of that par- 
ticulai neoplasm 


Results Including two cases from this hospital, 13 of the 152 cases were 
living and well 5 to 22 years after the diagnosis had been established A brief 
synopsis of the essential data relevant to the 1 1 cases reviewed is appended 


No I — Cheever, D (1932) Tenialc, ige 52, Ind a fcgmental resection of middle third of stomach 
Pathologic Report L\mphocjtic cell lymphosaiconn Two roentgen raj treatments were gnen post 
openfivelj Lntng and well fije jears later 

No 2 Pack, G, ItlcNeer, G (1935) Case s Peinale age 46, complained of pain and dysphagia 
Bulky tumor involving pars media and cardia found at operation Biopsy Reticulum cell lymphosarcoma 
With radium pack, 48,000 mg hours was given at a distance of 15 cm, anteriorly and posteriorly to 
cross fire the stomach Living and well sin. years later 

3 Pack, G , McNeer, G (1935), Case 7 ^^ale, age 33 was operated upon by Dr S Harvey, 
had a segmental resection of the prepyloric area No roentgen ray treatment Pathologic Report 
Lymphocytic cell lymphosarcoma Living and well 7'/. years later 

No 4 Collins, E, Carmodj, Jf (1937) Afale, age 9, had a partial gastrectomy and posterior 
gastroenterostomy No roentgen rav treatment Pathologic Report Lymphocytic cell lymphosarcoma 
Living and well 22 years later 

No 5 — Ealta, W (1926) Malt age 55, had a subtotal gastrectomy and gastro tnterostoinv Line 
of resection, distally, went through what was considered a “peptic ulcer” Pathologic Report Lympho 
sarcoma Immediate intensive radium treatment Five other treatments in neat 24 months Two 
‘prophylactic” exposures to radium later Living and well 6}i years postoperativelj 

No 6 — Clar, K (1935) Male, age 22, had a Bilroth II Hoffmeister resection of the stomach No 
roentgen ray treatment Pathologic Report Lymphocytic cell Ivmphosarcoma Adjacent excised nodes 
showed only hyperplasia Living and well seven years later 

No 7 — Gunsett, A , Oherling, C (1928) Male, age 48, had a prepyloric tumor penetrating through 
to pancreas with many metastatic nodes on lesser curvature Biopsy and anterior gastro enterostomy 
Pathologic Report “Pure” lymphosarcoma Received 17 radiotherapy treatments in three weeks for 
a total of 26 hours A total of 12,700 (French) r given anteriorly, posteriorly and from both sides 
at a distance of 40 cm through i Mm of copper at 25 ma Living and well at five years G I 


series negative for recurrence 

No 8 — Weeden (1929), Giiison (1927) Male, age 34 had pain in epigastrium six months coming 
on one hour after eating Weight loss 20 lbs Operative Pathology A mass size of palm of hand 111 
posterior surface of stomach with enlarged nodes Operation — Distal one third of stomach resected 
(Gibson pylorectoray) Pathologic Report Lymphosarcoma In excellent health nine years later 

No 9 — Leriche, R , Irman, E , (1929) Male, age 43, had epigastric distress one year previously at 
which time a G I series was negative Recurrence of pain with weight loss and appearance of large 
mass in right epigastrium Operative Pathology A large tumor of the antrum with extension on lesser 
curvature Operation — Polya resection with anterior gastroenterostomy Pathologic Report Lympho 
sarcoma of stomach W''en for six years, when epigastric distress recurred Roentgen rav suggested 
gastrojejunal ulcer Operation — Gastrotomj No trace of original disease or ulcer Discharged in 


good health six years and six months after opeiation for original disease 

No 10 — Kaiser (1934) Female, age si had pain in left epigastrium Weight loss 6 Kg Hard 
mass beneath left costal margin G I series showed tumor arising from greater curvature in upper 
thud of stomach Operation — Biopsy only, as mass was too large to remove Pathologic Report Lympho 
cvtic cell lymphosarcoma Muscle is infiltiated but seiosa is not involved Patient received three 

loeiitgeii ray tieatnieiits ovei a peiiod of Ihiee months to a field 18x18 cm The radiation was <e 

hveied by a 200 K V michiiie at 2 5 m a with i 3 Mm Cii and 1 o Mm A 1 filter Between 70 am 
77 pel cent of the skin erythema dose was delivered to the tumor G I series in 1928 and again 11 
19-9 were negative for persistence of disease Patient is living and well eight years after hio| sj 
No II— Riippert (1912) (Sliopf) 1 eniale, age 97, had a complete gastrectomy for a diffuse m 
filtrating lesion Pathologic Report Tvpical iiifiltiatiiig, primaiy endogastric ly mphosarcoma I iviUs 
and well 14K vears later, with negative G I series Small intestine was shown to have pouched 


out considerably and served as a temporary food reservoir 
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RESUME OF nVE CASE HISTORIES FROM THE PRI SUIT! RIAN HOSPITAL, N V 

Case I — No 222365 F F , White, female, age 48, mai ried, was admitted to the lios- 
pital April 16, 1934, complaining of swelling and distention of abdomen for three weeks 
For years had been troubled with “indigestion” and gas, especially following fatty foods 
For the last three weeks patient had noted abdominal swelling with feeling of pressure m 
epigastrium relieved by belching She had had anorevia for last foui days Her bowel 
habit was legular and stools normal She had lost a small amount of weight Orthopnea 
had been noted for the past two days 

Physical Exammahon — Revealed a poorly developed, chronically ill woman Almond- 
sized hard node palpable in right supraclavicular fossa No general node involvement 
Lung signs were compatible with a right hydrothorav The abdomen was greatly dis- 
tended and tense There was shifting dulness Pitting edema in both legs Hemoglobin 



nonulcerated mucosa and the diffuse infiltntion (hnitis phstica) 
of practicall} the entire stomach 

80 per cent, R B C 4.250,000, W B C 7,850, polys 82, lymph 9, monos 7, eosinophils i, 
basophils I, urine negative, Wassermann negative 

Roentgenologic e\amination of chest showed right hydrothoiax and some evidence of 
congestion on the left but no absolute evidence of metastases A G I senes demonstrated 
an extensive growth involving the entiie lesser curvature — a “saddle growth” extending 
around posteriorly and anteriorly Surgically she was felt to be a far advanced case of 
malignant disease with the stomach as primal y focus, and the outlook hopeless Tem- 
porary relief was obtained by paracentesis and thoracentesis The fluid obtained con- 
tained cells about the size of large lymphocytes with dark ground glass cytoplasm and a 
round dark nucleus filling about half the cell Some cells were in mitosis She died sud- 
denly just before discharge to a home for incurables Clinical Diagnosis Carcinoma of 
the stomach with metastases to peritoneum , pleural cavities 

Autopsy — No 11538 Dr A Longacre Pathologic Examination Gioss “The 
stomach wall is markedly thickened and firm throughout, except for a small area near 
the cardia On the lessei curvature there are several large nodular masses (lymph nodes) 
covered with peritoneum which appear continuous m places with the gastric wall On sec- 
tion they consist of white, granular tissue wuth areas of necrosis On opening the stomach 
the mucosal surface is smooth, except for some areas wdiere distinct ridges are present 
(Fig i) No ulceration is seen On section the markedly thickened mucosa is seen in- 
filtrated with grayish tissue w'hich in places extends through the entire thickness of 
stomach Gross evidence of metastases are seen in regional bmph nodes, pancreas, 
omentum and diaphragm and small foci in pleura, ovaries and cervical nodes ” 
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j¥rc;ojco/)rc-~The mucosa, submucosa, musculans and serosa are densely infiltrated 
wi 1 umor ce s The cells are predominantly of two types— a round cell the size of a 
small lymphocyte with dense hyperchromatic nuclei surrounded by narrow zone of baso- 
p iilic cytoplasm (Fig 2) The other is about the size of a mononuclear with homogeneous 
acidophilic cytoplasm An oval nucleus is situated at a pole or along one side of the cell' 
^ itoses aie frequent A rare giant cell is seen There is practically no stroma (Fig 3) 
T lore are man} capillaries The mucosa shows some autolysis and replacement of some 
o the glandular elements with tumor Musculans mucosa is intact Submucosa is 
markedly increased in width The muscle fibers are separated by masses of tumor cells 
The serosa is thickened bj' tumor infiltration 


Note by Dr A M Pappenheimer “A very characteristic lymphosarcoma of the 
stomach, which infiltrates the entire viscus as well as the regional lymph nodes, pancreas, 
omentum and diaphragm There arc small metastatic foci m the pleura and ovaries 
The tumor cells are for the most part not highly atypical Many of them closely re- 
semble small lymphocytes, but there is an admixture of larger elements ” 



Fig 2 — Case i Photomicrograph of a sec Fig 3 — Case i Same section as Fig 2, 

tioii of stomach The predominant cells resemble with reticulum stain clearly demonstrating the 
small lymphocytes iMth hyperchromatic nuclei sparsity of stroma (X150) 

There is an admixture of larger elements with 
eccentrically placed nuclei ( X 700) 


This IS an example of Type IV in Pack’s and McNeer’s classification, show- 
ing diffuse thickening of the wall, much like a “linitis plastica” lesion Micro- 
scopically it is of the lymphocyte type of lymphosarcoma Undoubtedly little 
could be done therapeutically for this particulai patient, but it selves to deinon- 
stiate how easily a lymphosarcoma of the stomach may go on to fatal teiini- 
nation with a histologically unproven diagnosis of “typical carcinoma with 
metastases ” 

Case 2— No 2307S3 T M, Negro, male, age 40, married, was admitted to the 
hospital June 18, 1935, complaining of abdominal pain for two months He had always 
enjoyed general good health “Blood tests” were said to be negative, but he had re 
ceived some intramuscular injections He had bad crampy pain m the epigastrium for two 
months, usually coming on 15 minutes p c and relieved temporarily by foo e was 
told he had an ulcer one month before (no roentgen ray examination was done) Fre- 
scribed diet and powders had failed to relieve pain Had vomited for first time four days 
before admission Tarry stools were noted several times in the last six days 

Physical Patient did not appear acutel> ill No superficial lymph- 

adenopathy The abdomen was not distended or tender A lemon-sized mass was 
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palpable in the epigastrium just to the left of the niidline There was no hepato- 
splenomegaly Hb 82 per cent, R B C 3,970,000, W B C 6,760, P 81, L 18, M I Urine 
negative An Ewald test meal showed fiee HCl 38, total acid 55 Stool had a 4+ guaiac 
Wassermann negative 

Roentgenologic evammation of the stomach showed 100 per cent six-hour retention, 
and nothing could be forced thiough pvlorus The antrum was fixed, tender and in- 
flexible and showed no peristalsis Impression An extensive carcinoma of the antrum, 
invading and involving pylorus (gastric lues was considered a possibihti ) 

OpciaftoH — June 25, 1935 Under spinal anesthesia patient was explored by Dr J F 
Roberts through a transverse incision A rounded elastic tumor was found involving the 
pjloius and extending up on lessei curvature Posteriorly it was bound down to the 
pancreas There appeared to be infiltration by tumor of the gastrohepatic omentum 
Several small peiigastnc nodes were palpable A resection seemed inadvisable, and a 
posterior isoperistaltic gastrojejunostomy was performed He had a smooth postoperative 
course, except for some evidence of atelectasis on second day Examination by Dr V F 
Frantz of the specimen removed from gastrohepatic omentum showed it to be simply a 
peritoneal band with some fibroblastic proliferation The question was raised whether the 
changes might be due to syphilis Patient was discharged July 14, 1935 on an ulcer 
diet and was to receive antiluetic tieatment / 

Subsequent Couise — He was relieved of pam during the following month, but despite 
antiluetic treatment, the lesion m stomach progressed to involve the duodenal bulb 
Roentgen ray diagnosis, August i, 1935, was carcinoma of antrum, probably not lympho- 
blastoma He was 1 eadmitted for attempt to resect, in view of the negative biopsy 

Second Opel atwn — August 8, 1935 Under spinal anesthesia. Dr J F Roberts demon- 
strated a stony-hard tumor involving the lower half of the stomach and upper portion 
of duodenum It was adherent to the adjacent structures and to the old incision The 
lesion extended to within 4 cm of the old posterior gastro-entei ostomv Lymph nodes 
seemed to be fiee of disease The fiist part of the duodenum and the stomach were re- 
sected up to the old posterioi gastro-enterostomy The patient had an unusually smooth 
postoperative course and was discharged September 4, 1935 Readmitted October 12, 1935, 
because of evidence of wound infection This was relieved b\ instituting adequate drain- 
age Roentgenotherapy was begun September 3, 1935 G I series, February 10, 1936, 
was negative for recurrence Readmitted April 30, 1936, complaining of pam in lumbar 
region and right flank The abdomen Avas distended, and a sizable mass was palpable in 
midabdomen Some abnormalitj of the right kidney Avas shown by retrograde pyelogram 
but surgery was not advised Patient continued doAvnhill after discharge April 18, 1936, 
and died June i, 1936 

Roenfgcnotlieiapy — September 3, 1935 to December 18, 1935 Receu'ed 2,300r through 
an anterioi portal over the stomach to area loxio cm, m divided doses of loo-isor The 
factors Avere 190 K V, 50 cm T S D, 8(m a, filtei 05 Mm Cu -f i Mm A 1 6oor 
AA'as giA'en through each of tAA^o portals OA'cr palpable recurrences, betAAcen April 8, 1936 and 
Maj 5, 1936 The factors AA^ere 190 K V, 50 cm T S D , 8 m a , filter i 86 Mm Cu -f i 
Mm A 1 

Pathologic Examination — Dr F M Smith Gioss The peritoneal surface is smooth 
and contains no suggestive tumor nodules A portion of pancreas is adherent to the 
posterior Avail near pjlorus On opening the stomach, it is seen to be almost entirelj 
filled by a large, smooth spongy tumor completely denuded of mucous membrane (Fig 4) 
The line of resection is AVithin 0 5 cm of the proximal line of resection The tumor is 
eleA'ated above the normal mucous membrane and in the antrum completely encircles the 
lumen It has groAAii in such a manner as to form a crater-like depression at one point, 
A\here there is ulceration Subadjacent to this there is a large area of necrosis m the 
tumor In some areas the tumor has attained a thickness of 2 cm and has infiltrated 
all of the lajers except the serosa Micioscopic section sIioaas a small round cell tumor 
AA'hich has leplaced nearlj all elements of stomach AAall (Fig 5) Occasional fragments 
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Tig 4 — C^sc i Stomicli specimen There is marked thickening of 
the antrum where the tumor completelj encircles the stomach Ijlceration 
and necrosis is clearh seen in tlie enter like center of the tumor Attached 
dnodtnum appears uuiiuoKed The cross section, on the right, shows the 
enormous thickening of tlic nail 



- Case a Photomicrograph of a section of the stomach clearl> 

sfrates the^ morphology of the normal tumor cells lying m a scant supporting r 
work (Xtioo) 
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of mucous membrane and nests of acid glands are seen, and nearlj all of the muscle is 
replaced The serosa is involved, but the lymph nodes are not The tumor invades up 
to the line of resection The individual cells are the size of small lymphocytes with a 
small amount of clear cytoplasm and hyperchroma tic nuclei, often eccentrically placed 
There is little supporting stroma and practically no fibrosis nor inflammatorv reaction 
There are some areas of liquefaction necrosis 

This IS a lymphocytic cell type of lymphosai coma of the bulky polypoid 
vai lety The difficulty of making a correct diagnosis of the disease, even upon 
diiect examination, is well brought out The roentgenologist’s note concerning 
the flexibility of the walls is perhaps the only suggestive finding, even m retro- 
spect Microscopically this appeared to be a radiosensitive tumor, yet the 
amount of roentgenothei apy given presumably did little but relieve pain, and 
death ensued within lo months aftei resection 

Case 3 — No 222561 I K , female, age 36, married, was admitted to the hospital 
September 13, 1933, complaining of loss of weight, weakness and vomiting for one year 
First admission, September 18, 1929, was for partial thyroidectomy for adenoma of 
thyroid March 10, 1932, at second admission, had a full term spontaneous deliveiy at 
which time added diagnosis of fibromyoma of uterus was made First G I symptoms were 
in 1930, with vomiting p c without pain A G I series, December 22, 1930, was sug- 
gestive of an anomalous first part of duodenum possibly associated with gallbladder disease 
January 2, 1931, gallbladder dye series was negative Patient continued to have distress 
intermittently despite a dietary legimen but went through a second pregnancj in 1931-2 
She developed more distress and anorexia during February, 1933 A second G I senes 
was done March 5, 1933 Peristalsis w'as present only on the greater curvature and w'as 
irregular The prepyloric region appeared narrowed This w'as first considered an early 
sclerotic type of carcinoma, but a review of films did not substantiate this point and the 
patient was placed on a diet She continued to have vomiting, anorexia and began to 
lose w'eight A gastric analysis show’ed free HCl 16, total acid 29 Another G I series 
demonstrated the picture of advanced carcinoma of stomach involving the posterior wall 
and greater cuivature, in the pars media, “a surprising amount of mobility is present 
m considering the size of the associated mass ” Patient w'as readmitted September 13, 1933 
Hb 62, R B C 3,970,000, W B C 13,300, P 81, L 16, M 3, Stool guaiac 4+ No free 
HCI found m gastric expression 

Opel af ion — September 18, 1933, through a left paramedian incision under spinal 
anesthesia a Polya type of partial gastrectomy w’lth posterior gastro-enterostomy and en- 
tero-enterostomy was pei formed b}' Dr F Meleney Her postoperative course w'as un- 
complicated She W'as dischaiged to a convalescent home on the tw'entv-fourth postopera- 
tive day 

Subsequent Coiiise — Readmitted October 31, 1933, complaining of abdominal cramps 
for two days and back pain She appeared quite w'eak and emaciated A questionable 
mass W'as palpated in the left upper quadiant A G I series showed no definite evidence 
of recuiience The severe ciamps were relieved bj roentgenotherapy and patient dis- 
charged November 23, 1933 Presented heiself March 7, 1934 tw'o months pregnant A 
therapeutic abortion w'as peifoimed March 17, 1934 She did w'ell until Ma^ 2, 1934, 
when cramps returned and she began to ha\e difficult! in swallowing routine G I 
senes w'as equivocal, but a thick meal showed narrowing and distortion of the esophagus 
at the caidia, which w'as considered to be a recurrence m the wall of the esophagus Partial 
relief follow'ed roentgenotherap! until September i, 1934, when !oniiting and difficult! 
in swallowing piecludcd all eating A definite mass noted 111 epigastrium, and a G I senes 
show'ed multiple defects in stomach She could tolerate no further roentgenotherap! and 
!vas referred for terminal care She died October 26, 1934, 13 months after operation 
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II ^ — Ctsc 3 Opentue specimen with stonneli bisected nnd pylorus 

iieioM, shows iinolvenient of pncticilly the entire ffreitcr cunatnre md a 
portion of the lesser cur\ iture The e\tent of the thickening of the will 
is clcorlj seen 



Fig 7 — C-ise 3 Photomicrognph show 
ing thit the polygoml tumor cells ore seen to 
VTry somewhit in si/e but resemble the reticulum 
cell of the lymphoid system No tendency to 
acini formation is observed (Xsoo) 



Fig S — Cise 4 Gross specimen of the 
stomach as removed at operation Specimen 
bisected with pylorus at the top The niassiie 
bulky tumor is seen to be fairly well demarcated 
from normal mucosa as the cardia is reached 


and to left of original area received 6oor The factors were 190 K V , 50 cni T S D , 
8 m a , filtei 0 55 Cu + i Mm A1 In May, 1934, 625r were given anteriorly to area 
corresponding to esophageal and cardiac involvement An incomplete series was given 
just before patient’s death m September, 1934 Ii^ 4)Sooi' were given in siv senes 
over a period of seven months 


212 



Tolumo 110 
Number 2 


LYMPHOSARCOMA OF STOMACH 


Pathologic Examination — Dr A P Stout Gioss There is a large soft nodular 
tumor with a supeificially ulcerated surface ivhich extends from the pyloric ring for a 
distance of lo cm along the lesser and 17 cm along the greater curvature, completely 
encircling the stomach (Fig 6) The thickness varies from 5 to 20 Mm and in most 
areas the muscle coat although invaded has not been completely penetrated The tumor 
appears to end abruptly just as the pyloric area is reached, and resection is ample as a 
part of duodenum is excised distally MtcioscopicaUv, there is disease one millimeter 
from proximal line of lesection The tumor cells are polygonal and vary greatly m size 
and shape (Fig 7) The nuclei are hyperchromatic and the cytoplasm is well defined 
and amphophyhc There are many mitoses The cells are arranged m foliate pattern in 
a delicate reticulum with no tendency to form acini The lymph nodes removed contain 
sinuses dilated with lymphocytes and polygonal cells similar to the tumor cells in stomach 

This IS a lymphosarcoma of the leticulum cell type Unfoi tunately, theie 
was some question on hist examination whethei or not it was an anaplastic 
caicmoma, and for this leason there was a delay m administrating loentgeno- 
therapy 

Case 4 — No 81486 J M K , male, age 64, married, was admitted to the hospital 
April 17, 1929 Always had general good health in past, except for “hunger pain” for 
20 years In 1925, had pain low in abdomen, not related to eating but relieved by soda 
and food In 1927, began to lose weight and vomited occasionally A diagnosis of ulcer 
was suggested, without roentgenologic examination Patient gained 20 lbs after nine 
weeks of diet and bed rest Patient had hematemesis and tarry stools in September, 1927 
and he was in bed six weeks He remained asymptomatic until December, 192S, when the 
pain recurred Had a remission again until April, 1929, when the pain recurred Patient 
had had a hematemesis the day before admission On admission he complained only of 
“gas” and epigastric pain Physical examination was equivocal except for some pallor 
and abdominal distention There were no signs of shock He was placed on bleeding 
ulcer regimen with nothing p 0 , and given hypodermoclyses and rectal instillations Hb 
43 per cent, R B C 3,460,000, W B C 13,050, P 74, L 24, M 2 Urine was essentially 
negative He showed no evidence of further gross hemorrhage and was placed on a 
modified Sippy regimen, April 19, 1929 He improved slowly, having pain only at 
night Stools on five consecutive days were negative to guaiac Gastric analysis showed 
a free HQ 14, total acidity 54 On May 15, 1929, a G I series demonstrated a broad 
incisura on the greater curvature of the stomach with narrowing of lumen to about one 
centimeter The lesser curvature in this region was somewhat irregular Peristalsis was 
present above and below this region but did not pass through it Stomach walls were 
quite flexible There was a 25 per cent gastric retention at six hours “Findings are 
those of gastric ulcer ” He received four transfusions 600-800 cc , which brought his Fib 
up to 100 per cent However, he continued to show some gastric retention and, June 4, 
1929, a second G I series showed the marked constriction persisted and a small pro- 
jection was noted on the lesser curvature side at this point There was a six-hour re- 
tention of 50 per cent He was discharged with diagnosis of gastric ulcer 

Subsequent Cow sc — He was readmitted, Nov'ember 12, 1929, as he had episodes of 
severe pain during summer months Stool examinations were persistently positive for 
blood He also had had one small hematemesis A recent G I examination showed a 
large, greater curvature crater which suggested carcinoma Hb 88 per cent, R B C 4,770,- 
000 He had had no weight loss Because of the persistence of bleeding and the 
roentgenologic findings, operation was decided upon 

Opeiatwn — November 13, 1929 Under spinal anesthesia and drop ether, the abdomen 
was exploied through a T-shaped incision, bj Dr A O Whipple A large ulceration 
was found on greater curvature with infiltration on lesser curvature and posterior wall 
extending well to the cardia Although it appeared almost impossible to get above 
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the lesion, which was coiisicleicd to be a carcinoma, it was decided to resect m view 
of absence of inetastases in liver and adjacent lymph nodes A Bilroth II with gastro- 
jcjtinostoinj and entero-entcrostonn was performed A dram was placed down to 
duodenal stump because of insecure inversion A 700 cc transfusion was given post- 
operatneh Smooth course postoperativclj, except foi development of gastric fistula 
on the eighth daj This was excecdmglv bothersome often draining 1,500 cc 111 24 hours, 
It, however, healed slow)} and the patient was discharged in generally good condition 
on the thiiL -eighth postoperative da^ He subsequently developed a large ventral hernia 
Patholoqic Eiammalwn—Dr A P Stout Gioss The stomach is rather bulky and 
rounded Peritoneal surface is smooth On opening the organ just above the pilorus, 
the wall becomes suddenly thickened to 16 Mm (Fig 8) This thickening encompasses 
the entire ciicumference and extends along the lesser curvature for 2 cm and the greater 
curvature for 5 5 cm 



Fig Q — Cvse 4 Photomicrognph of 1 section tliroiigli the tumor, sho\\ 
mg the tumor cells, cuboulul in shupe und huMiig large hjperchromatic 
nuclei There is terj little supporting frame work (Xnoo) 


]\Itci oscopic — A section through tumoi mass shows that it is composed of solid 
masses of small cuboidal cells separated by fibrous tissue strands (Fig 9) An unusual 
power of infiltration is noted wnthout corresponding destruction The individual cells 
are hyperchromatic with large nuclei and small cell body Mitoses are frequent e 
mucous membrane retains semblance of its architecture but tumor tissue widely separates 
the glands There is no attempt at gland formation by the tumor cells Tumor cells 
are noted in lymphatic spaces Proximal hue of resection goes through tumor bearing 
tissue Only a very fine supporting frameivork is noted with special stains at w ogic 
Diagnosis Anaplastic carcinoma ( of stomach 

At no time did this patient receive any roentgenotherapy He had been 
regularly followed and repeatedly examined by Ins personal physician, an 
when last seen, October 26, 1037 at the age of 73 - he was in excellent health 
and shouted no evidence of recniience — eight 3^ears after operation 
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This lesion exemplifies the massive bulky type of giowth fairly well 
demarcated from the noimal stomach In letiospect nothing m the symptoms 
01 1 oentgenologic findings paiticularly suggested the conect diagnosis 

On leviewmg this case m 1934, it was felt that the pathology w’as that of 
a leticulum cell lymphosai coma as w^as oiiginally suggested by the sarcomatous 
appeal ance of the gioss specimen As the patient had remained 111 excellent 
health for five yeai s, no 1 oentgenothei apy w^as suggested 

Case 5 — No 268878 F M, male, age 19, was first seen, Febiuaiy 4, 1931, follow- 
ing an attack of syncope associated with body tremors but no actual convulsion A sub- 
sequent neurologic examination was negative, except for hypertension (170/90) Patient 
showed definite antisocial tendencies and “a type of personality that is always on the 
defensive” He stated that the convulsive-like seizure w'as always pieceded by right 
lower quadrant pain He w^as seen December 28, 1931 111 clinic, complaining of epigastric 
distress p c for tw'o months, paitially leheved bj food He had lost 10-20 lbs He had 
had a previous operation foi light undescended testicle, November, 1928, and an ap- 
pendicectoni} , November, 1929 

Ph\sical Exauunation showed palloi of face and mucous membrane (blood donor) 
Carious teeth Blood pressure izol'/Q Abdomen w'as negative Hb 63 pei cent, R B C 
3,900,000, W B C 6,200, P 57, L 35, M 3, E 5 Chest film negative Scout film of 
abdomen was negative Wassermann negative January 5, 1932, thiee houis after a G I 
series, patient showed typical signs of perfoiation of a hollow' mscus Picof>ciatwc Diag- 
nosis — Peifoiated gastiic ulcei 

Opciatioii — Di D Bull A perforation was found on the anterior surface of the 
stomach in the prep\loiic aiea, w'lth induiation extending 10 cm proximally and 4 cm 
distally Ridged, induiated, enlarged rugae w'ere palpated along the posteiior wall 
through the perforation A number of enlarged nodes suggestive of neoplastic nnolve- 
ment w'ere palpable A biopsv of the stomach wall and a Ijmph node weie taken and 
a simple closuie of the peiforation w'as performed, witli a free omental graft He had a 
very smooth postoperative course A review' of the G I series showed a constant incisura 
at the great curvatuie neai the antium, w'lth mucosal folds so exaggerated as to give an 
almost polvpoid appeal ance 

Pathologic Examination — Di A P Stout Micioscopic — The stomach biopsj shows 
an extensive inflammatoiv reaction Theie are man} tumor cells varying considerably in 
size and shape An occasional mitosis is seen There is no tendency to glandular arrange- 
ment The cells do not foi m mucin Main of the cells have the characteristics of lympho- 
blasts (Fig 10) 

The lymph node shows practically complete replacement w'lth tumor cells similar to 
those in stomach w'all Mitoses are moie frequent than in stomach specimen The con- 
nective tissue stroma is meager, but there is slightly more than usually found in l}mpho- 
sarcoma (Fig ii) 

It W'as felt from the stomach specimen that this was a highly malignant tumor — either 
anaplastic carcinoma 01 a reticulum cell hmphosarcoma The l}mph node, how'ever, was 
so chai actenstic of reticulum cell hmphosaicoma that there w'as no doubt as to the diag- 
nosis and plans foi roentgenothei apy were made After fiie treatments the patient 
decided to go aw’a\ for a lest He returned, Febiuar\ 17, 1932, and was gnen a course 
of 10 treatments 

April 16, 1932, SIX hours following one of the patient’s unconscious spells, he was 
seen in the Admitting Clinic w'lth typical signs of perforation An immediate operation 
b} Dr Bull demonstrated a perforation similar in location to the first one Because of 
the dense adhesions and the patient’s poor condition, no biopsy or exploration was done 
Closure of perforation w'as easil} accomplished by plication, and the abdomen closed 
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Tig :o— -Cnso s Pliotoniicrognpli of i section of the stomich will 
at site of perforation Note absence of iiillaniniatory reaction Tumor cells, 
resembling those of the l>niphobhst series are seen to aarj consideralily 
in sire ant! shape Mitoses are frequent There is no tenclencj to glandular 
arrangement ( X i too) 



Fig II — Case s Photomicrograph of a section oi me l> ,> node 
demonstrating the dense infiltration of the tumor cells above, in contrast to 
the normal lymphoid tissue below (X^S®) 


A G I senes was done, Maich 29, ig33. and showed a constant incisura along greater 
curvature near the antrum This was attributed to postoperative scarring G I Senes 
done April 9, 1934, showed no change in the findings He continued to do fairly well 
notwithstanding complete disregard of diet, smoked excessively, and drank freely 
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June 12, 1934, he was again admitted for abdominal pain Abdominal cramps had 
appeared previously, associated with nausea and vomiting Bowel movements had been 
only clear fluid for the previous 48 hours Three-position roentgenograms of the abdomen 
confirmed the clinical impression of ileus He was completely relieved by rectal treat- 
ments and parenteral fluids 

The patient continued to do well on a dietary regimen until September i, 1935, when 
he again developed abdominal cramps, which were relieved by rectal treatments A G I 
series, February 20, 1937, gave the impression that there was some thickening of the 
antral wall, because of decreased activity and some interruption of peristalsis m this region 
He was last seen, September 3, 1937, by a social worker, who found the patient in 
good health He had married, m spite of advice to the contrary and has two children 
He continues to be refractive to all suggestions as to therapy except when the acute 
episodes described above occurred 

Roentgenotherapy was completely inadequate, due to patient’s lack of cooperation 
Through two portals (ant and post ) over the stomach a total of but i,38or was de- 
livered in divided doses, over a period of six months , the patient completing but one 
full senes The factors were 200 K V , 50 cm T S D , 8 m a , filter i 8 Mm Cu + i 0 
Mm A1 Operatively, nothing was done to alter the course of the disease by way of radical 
removal It is perhaps conceivable to believe that this tumor is so radiosensitive that it 
IS kept at least in abeyance by the small amounts of radiation obtained during repeated 
gastro-intestmal examinations during the years following his first, and only course of 
planned radiation 

This IS a remaikable case of a male, age 25, living and apparently well five 
years and 10 months aftei having been shown to have a reticulum cell lympho- 
saicoma of the stomach of the Type II, described by Pack and McNeer 

In letrospect, this patient shows a number of the findings that have been 
considered suggestive of lymphosai coma — his youth, his ulcer-hke symp- 
tomatology and operative findings , the tendency to pei forate , and the 01 igmal 
roentgenologic findings of mucous folds exaggerated to an almost polypoidal 
degree 

Discussion — Two patients aie alive seven, and five yeais and ten months, 
respectively, one, with incomplete removal of the lesion and no roentgeno- 
therapy, and the othei, with only biopsy and inadequate ladiation This is 
m distinct contiast to Cases 2 and 3, that had radical excision of the lesion and 
a greater amount of ladiation, only to die fioni the disease within 10 and 13 
months, lespectively A consideration of the other 12 cases of “five-year 
cure,” reveals that a numbei of these had also leceived rathei unoithodox 
treatment Thus, from the analysis of end-iesults, it is difficult to be dog- 
matic as to a method of choice m treatment of these lesions as a whole 

It would seem that m the few instances, -when the lesion is completel} 
removable, radical suigery offers the best means of cure 

The case for cure by radiation is certainly not as clear-cut from tbe data 
assembled Undoubtedly, lemaikable regiession of far-advanced lesions often 
occuis This IS particular!)'- true m moie lecent years, wuth impiovement m 
technic Theie are at least six cases m the lecent literature that have been 
symptom-free up to Hvo and one-half years, following onl}’- roentgenotherapy, 
and one case (Kaiser, 1934) has gone eight years However, when apparent 
cures occui, as in Cases 4 and 5, it becomes difficult to evaluate the absolute 
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dilative lesults of i oentgenotherapy when compared to what might be teimed 
contiol cases 

It would seem that fiequently these lesions liave a natural history, indi- 
vidual to the particulai case and to a degiee independent of the method of 
ti eatment At least, until fuithei knowledge is obtained concerning this neo- 
plasm, not only should eveiy attempt he made to tieat these lesions, no mattei 
how' fai advanced, but also histologically exact diagnosis should be obtained 
moi e fi equently, befoi e pronouncing a gasti ic neoplasm beyond therapeutic aid 

Summary — (i) One hundied foity-seven cases of piimaiy lymphosar- 
coma of the stomach have been collected fioin the hteiature, and five new 
cases are added 

(2) They have been analyzed as to age, sex, symptomatolog}^ clinical and 
laboiatoiy data 

(3) Of the 1 18 patients opeiated u]Don 76 had subtotal gasti ectomy, a 50 
pel cent 1 esectability of the total numhei of cases (152), with a 158 pei cent 
opeiative moitality 

(4) Thiiteen patients aie living and well 5 to 22 i^eais after discovery 
of the lesion 


CONCLUSIONS 

(1) Diagnosis is veiy difficult, only a single case having been coiiectly 
diagnosed pieopeiatively Theie aie no pathognomonic clinical findings, and, 
as )'et, no typical loentgenogiaphic appeal ance Gasti oscopy may, in the fu- 
tui e, be a valuable diagnostic aid 

(2) A ti eatment of choice is difficult to evaluate, due to the numbei of 
“cuies” that have leceived wdiat is consideied inadequate suigical 01 loentgeno- 
thei apy 

(3) Complete suigical lemoval is of course ideal, but m only a few”^ cases 
did this appeal possible Radiation alone, paiticuldily with newei technic, 
has accomplished clinically complete 1 emission of the disease up to eight years 
even m fai -advanced cases 

(4) The couise of some of the cases, suggests that theie may be definite 
individual variation m then life histoiy that at times is completely uni elated 
to the type and extent of thei apeutic intei vention 

(5) Attention is called to the desirability of establishing a histologic diag- 
nosis of a gasti 1C neoplasm befoi e it is regaided as beyond aid 

The author wishes to express his appreciation to Doctors Wliipple, Meleney, Bull 
and Roberts, for the privilege of having access to the cases operated upon , and to Doctor 
Pappenheimer, of the Depai tment of Medical Pathology, for permission to use the autopsj 
material presented in Case i The author is particularly indebted to Dr A P Stout, 
for his kind suggestions and ciiticisms 
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PRIMARY CLOSURE OF PERITONEUM IN ACUTE APPENDICITTS 

WITH PERFORATION 

REPORT OF TWENTY CASE'S 

Richard Warren, M D 
Boston, Mass 

PROM TIU hUUC‘IC\lr CLINIC 01 TJIf PETPR BENT BRirilW HOSI ITAL, ROSTOV, MASS 

Drainage of the peritoneal cavity following appeiidicectomy for acute 
appendicitis with perfoi ation is still a problem of universal interest Statistical 
analyses are inconclusive, because the absence of a stiict classification of cases 
accoiding to definite ciiteria establishing the piesence of perforation prohibits 
comparable study in sepaiate repoits Thus Herrick,^" on the one hand, re- 
ports 217 cases with “gangiene 01 peiitonitis” with a mortality of i 84 pei 
cent, and Totten,'*'^ on the othei, lepoits 1,044 cases of “perfoiation” with a 
mortality of 26 pei cent Othei wiiteis use such teims as “localized perito- 
nitis," “cloudy fluid," and “eaily diffuse peiitomtis" Few state specifically 
whether theie is definite evidence of escape of infectious material into the 
peiitoneal cavity The following study is an attempt to clarify this problem 

Clinical Evidence — Mikulicz-’’ was one of the eailiest to discuss the prob- 
lem of peritoneal diamage thoughtfully Although he had been, for a time, 
the proponent of “capillary diainage" by laige loose gauze packs, in i88i-’^ 
he stressed the folly of diaming noninfectious conditions Duiing the same 
period, mau}'^ surgeons wei e following the school of Rehn in piacticing eviscera- 
tion, saline inigation of the peiitoneal cavity, and drainage with soft lubbei 
lubes 

Hotchkiss^® 111 this countiy, m 1906, was one of the fiist to publish a gioup 
of cases in which piimaiy clostue was piacticed In the mteival 1895 to 
1899, tieated 12 cases of peritonitis by gauze packing, with ii deaths 
Fiom 189910 1903, he treated 15 similai cases, utilizing small incisions, saline 
ungations, and a small cigarette diam, with no deaths In a third senes of 
28 cases, 16 weie not drained, and only one of the five fatalities occurred m 
this unchained gioup 

Bauei,- in 1911, repoited a senes of 88 cases, with 10 deaths, the perito- 
neum being closed tightly m all Wildegans,^® in 1923, speaks of maikedly 
loweiing his moitahty to 25 5 pei cent by nondiamage This is a high moi- 
tality, and evidence again of the incompai ability of the gioups due to mdnidual 
variation in selecting cases 

Clairmont and MeyeD lepoit a 407 pei cent moitahty in 172 cases of 
early perforated appendicitis, which wei e ti eated by appendicectom> Of these, 
only 24 weie chained They state that then results show inoie secondari 
abscesses than in chained ca ses, but that “by caiefiil obseivation and opening 
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of these al)scesses at the piopei time a laigei numhei of patients will get well 
by a smoothei com se, and a lai gei numhei of patients will i emam pei manently 
m good health than will he the case with othei pioceduies, above all with 
diamage ” 

HalP® lepoited 12 cases of peifoiated appendicitis with “thick pus m the 
peritoneal cavity,” in which the peiitoneum was not drained, with no deaths 
and no pelvic abscesses Shipley and Bailey, and Shipley®*^ piacticed non- 
diainage 111 many cases of "early diffuse peiitonitis ” They had no deaths and 
one secondai y abscess Then ci itei ion of early pei itonitis was optical evidence 
of pinulent peiitonitis “with the intestines still smooth and glistening ” 

Maichmi-'^ found that m cases with local peiitonitis, iiondrainage resulted 
in a I 7 pei cent mortality as compaied with 5 per cent in the drained cases 
In cases with diffuse peiitonitis, those without diamage showed 206 pei cent 
deaths as against 306 pei cent in the diained Cafiitz,” Kuleiikampff,^^ and 
Muelledei-^ also lepoit a lowei moitality 

Colt and Moiiison^® piesent 105 diained cases of peiforated gangrenous 
appendicitis with six deaths as compaied with 28 undiamed cases with no 
deaths These obseiveis, howevei, do not accept this as final evidence that 
nondrainage is better, because in then opinion the sickest cases were diamed 
Finally, Gieitz’s^^ expeiience ovei 25 yeais with peritonitis, m which he 
lepoits a gloss moitality of 8 35 pei cent m 1,728 cases with nondiainage, with 
172 secondary abscesses, is impoitant It was his influence that inspned the 
initiation of the Petei Bent Brigham Hospital Senes in 1936 

The aigiiments in favoi of diamage have been seveial In the period 
befoie asepsis, it was used as a piophylactic measuie m the great majonty of 
all celiotomies principally by the eaily gynecologists, such as Sims, Oldshausen, 
and Tait To Tait, is asciibed the authorship of the saying “when 111 doubt 
diain ” Some authois say, that although the diam becomes sealed off from 
the peiitoneal cavity, it acts as an nutating foreign body and reverses the 
lymph flow away fiom the diaphiagm towaid the drainage sinus (Hernck,^'^ 
Totten^') Othei s feel that the libeiation of exudate is important fiom the 
point of view of the patient’s toxic leaction The chief argument for drain- 
ing, howevei, is that the surgeon believes that he has theieby exteriorized 
the infection He is mentally moie at ease, if the thickness of the abdominal 
wall is not between him and the suppuiative focus Bunch and Doughty^* 
leport a senes of 139 cases of defeired opeiation m geneialized appendiceal 
peritonitis, with a mortality of i 93 per cent As a practice, they aie m favoi 
of drainage m the cases opeiated upon Deaver and PfeiffeH- and Sworn and 
Fitzgibbon®® also advocate drainage 

Expotmental Evidence — Theie has been considerable experimental work 
to show that mtraperitoneal drains aie ineffectual and even haimful Yates’'^® 
work, m 1904, which showed that m dogs a diain introduced through an in- 
cision 111 the abdominal wall fails to communicate with the general peritoneal 
cavity aftei six hours, is well known Carmine injected into the cavity else- 
wheie could not be made to pass out through the dram tiact, even undei 
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piessuie He found that this six-houi penod was shortened in the presence of 
infection, and that the adhesions formed in infectious cases that were drained 
weie inoie dense and harboied organisms longer than those m nondrained 
cases Rost-'’ sliowed that after 12 liotirs, fluid injected into a drainage tube 
could no longei be made to pass into the peritoneal cavity but regurgitated 
aiound the tube Buchbmder, Dioegemueller, and Heilman" produced peri- 
tonitis expei imentally in dogs by ci eating an isolated open loop of intestine 
and then attempted to ti eat the peritonitis surgically In a series of 33 dogs, 
they found that if the pei foi ated focus was excised and the peritoneum tightly 
closed, the moitahty nas 58 pei cent If the same was done with establish- 
ment of diamage, the moitalit}' in 20 dogs was 100 per cent If no surgical 
pioceduie foi tieatment was peifoimed, the mortality m 31 animals was 
90 pel cent The cause of death m the dogs was toxemia from peritonitis 
In every case the diains weie encapsulated with dense adhesions Shambaugh 
and Boggs'"’ cieated intrapentoneal drainage tiacts m guinea-pigs and dogs 
in 01 del to test then lesistance to infection They found that the peritoneum 
and suiiounding tissues could not be infected with virulent oiganisms poured 
into these tiacts aftei the fouith day This seemed to indicate that after 
that time a tract does not communicate with the peritoneal cavity and, there- 
foie, cannot diain it 

Material Considered — The present study consists of a comparison of 
diained and nondiained pei foi ated cases m the five-year period 1933 to 1937, 
inclusive To be considered in this series, a case must have satisfied one of 
thiee criteiia Theie must have been free organisms in the peritoneal cavity 
at the time of opeiation, proven by culture, theie must have been an open 
perforation, described by the opeiatoi m his opeiative notes, or there must 
have been an open perforation, described by tbe Pathologic Department m its 
lepoit Accoidmg to these standards, iii cases were found, 91 drained and 
20 not di allied Table I shows the evidence foi peifoiation m each group 

Table I 

EVIDENCE or PERFORATION IN III CASES OF PERFORATED APPENDICITIS 

Localized Abscess Diffuse 




34 Cases 

77 

Cases 



With 

Pnmary 

With 

Primary 



Dram 

Closure 

Dram 

Closure 



31 

3 

60 

17 

Nature of Evidence 


Cases 

Cases 

Cases 

Cases 

B coll culture 


21 

2 

34 

17 

Hemolytic Strep culture 


I 


T 


B proteiis culture 


I 


1 

T 


Nonhemolytic Strep culture 


I 

I 

1 

T 


B fecalis alkahgenes culture 




1 

J 


Staphylococcus aureus culture 




22 

2 

Obvious perforation at operation 

or in pathology 

7 



I 

Ruptured on removal 
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Jwnnbei 2 

The tompaiison oi the two gioups has been pm sued with legaid to the 
vaiious complications unfoi tunately so famihai m cases of appendicitis The 
questions of fecal fistula, wfouiid infection, secondaiy abscess, postopei ative 
leaction, and death have been dealt with sepaiately Table II shows the 
lesults of this investigation 

Analysis of Cases — (i) Pccal Fistula That nondrainage is not a 
guaiantee against fecal fistula, is shown by a lecent study by Stiauss and 
TomarkiiT'* at Mt Sinai Hospital in New Yoik They found o 5 pei cent 
of fistulae in those cases closed without iiiti apentoneal diainage In oui 20 
cases, howevei, we have had no fistulae In 83 cases of our senes that were 
chained, fom, 01 48 per cent, developed fistulae Oui impiession is that the 
dram is the single most impoi taut factoi m the causation of fistulae 

(2) JVouud Infection — In spite of eveiy attempt to, piotect the w^und 
with towels, gauze, 01 othei means, at the time of opening the peiitoneum, 
neaily 100 per cent of infections aie to be expected If the case is drained, 
very often the inti apentoneal wuck will also seive to dram the wound 
if it IS small In w^ouncls thiough wdiich an intrapentoneal diain does not 
pass because nondiamage is being practiced 01 because a stab w'ound diain 
is mseited at a moie convenient site, eithei the wound must be left open 
dowm to the fascia 01 adequate superficial drainage wnth rubbei tissue should 
be established In the wdiole sei les thei e is not a case, drained or undrained, 
wdiose wound did not show^ some evidence of infection impoitant enough to 
be mentioned 111 the postopei ative notes One case, m wdiich the wound w^as 
closed tightly because of lack of clinical evidence of peritonitis, later had a 
colon bacillus grow' on the cultuie medium and four days postopei atively 
show'ed evidence of wound infection * 

(3) Secondaiy Abscess — The incidence of secondaiy abscesses has been 
lathei carefully gone into Claiimont and Meyer,® as has been mentioned, 
found 28 pel cent of secondaiy abscesses Two-fifths of these lequned 
drainage and three-fifths absorbed spontaneously, Gieitz^® found 172 
abscesses m 1,728 cases, or only 10 per cent In the piesent senes, 175 
per cent of the drained group and 60 per cent of the undrained group showed 
some evidence of secondaiy abscess formation By abscess is meant any 
tender mass palpable abdominally 01 by lectum, not necessarily all lequirmg 
diamage The incidence of abscesses requiring some foim of diamage was 
8 7 per cent and 20 per cent, lespectively The great majoiity of these were 
abscesses in the pouch of Douglas, lequirmg colpotoiny or rectal diamage 

(4) Posiopeiahve Obsti action — ^The pioblem of postopei ative adhesions 
causing obstiuction to the intestines is particularly elusive of satisfactory 
analysis Totten has minimized the responsibility of the diain as the cause 

* One very early perforated case, with a positive B coh peritoneal culture, which 
did not develop wound suppuration, has been seen since this series was recorded This 
case, however, had unexplained fever and leukocytosis for three days, during the middle 
of his convalescence After repeated hot applications, the reaction disappeared, leaving 
no evidence of inflammation in the wound 
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of immediale poslopei ative obstructive symptoms Inquiry into the in- 
cidence ot late obsluiction leveals so few individuals m the community at 
laige who fall m the undiamed gioup, that a just companson cannot be 
made None of the 1 1 1 cases tabulated could be analyzed from this viewpoint 
Accoidmgly, 25 consecutive cases entering the Peter Bent Brigham Hospital 
with intestinal obsti uction due to postoperative adhesions were studied Only 
cases III which it could he definitely ascei tamed whether the pievious opera- 
tion had been diaincd 01 not, weie consideied The exact nature of the 
pievious opeiation and, indeed, often the condition for which it had been per- 
foimed, could not be detei mined in many of the cases It was found that 
of the 2^5, 15 had been chained and 10 had not Our clinical impression is, 
and the aliove small senes would seem to indicate, that the diain, in clean 
cases, conlnbutes to a highei incidence of postoperative obstruction The 
same cannot dcfmitcl}' be said m the cases of peiitonitis with which we are 
dealing 

Taull II 

COMPAIIMIVL SrMlSUCA! SCUOY Ol IH CASC3 OP PCRrORATCD ‘IPPCNDICITIS, WITH AND 
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18 3 % 

15 0% 

17 5% 

8 7 % 

4 8% 


102 8°F 

II 8 days 

4 4 days 


* Hereafter, the number of cases analyzable is somewhat diminished through deleting those which died too early for 
consideration 

(5) Posfopei atwe Reaction — The best evidence that can be procured 
from the hospital records as to the extent of the postoperative reaction, we 
have considered to be the maximum postoperative temperature, the number 
of days before the temperatuie returns to a normal level, to stay, and the 
number of days, postoperatively, before the patient has the first spontaneous 
bowel movement It can be seen from Table II that the undiamed group 
shows a slightly greater postoperative reaction according to these standards 
The fact that the tempeiature m the undrained group remains elevated longer, 
IS probably explained by the fact that secondary abscesses were more common 
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This peiiod, conceivably, might have been shortened by earhei diainage of 
the abscesses in some of the cases 

(6) Mojfahty — The total moitahty is 144 pei cent The moitahty in 
the abscess cases is low, 6 4 pei cent, while that m the cases without abscess 
IS high, 18 I pel cent This latter figuie is divided about equally between 
the diained and undiamed groups, being 183 per cent to 176 per cent, re- 
spectively It can be seen, howevei, that if the cases are considered fiom 
the point of view of the cause of death, one, or 5 8 per cent, of the cases 
without abscess that were undiamed died of toxemia or peritonitis Of the 
othei two, one died of a pulmonaiy embolus on the fourth day and the other, 
a case ■with advanced peiitonitis, died on the opeiatmg table, piobably an 
“anesthetic death ” Of the siniilai drained gioup, the same correction brings 
the moi tality down to 1 5 per cent 

Opoatwe Indications and Technic — ^At the Petei Bent Brigham Hospital, 
operation is peifoimed immediately upon all cases of appendicitis seen within 
the fiist two days aftei the onset of symptoms, who aie not too sick to stand 
the pioceduie Moie advanced and longer standing cases, we tend to treat 
along the lines pioposed by Ochsner Each case is considered an in- 
dividual problem, however, without establishing any aibitiary limit of time, 
such as 48 houis In cases of abscess, m which the diagnosis is clear, we 
attempt to peifoim operation as an elective pioceduie, pieferably after the 
fiist week The patients with abscesses requne the closest observation be- 
cause, although mti a-abdommal rupture of the abscess is raie, it has been 
reported (Bunch and Doughty*’) The McBuiney incision is employed when 
the diagnosis is clear pi eopei atively, adding a Rockey extension into the 
light rectus sheath when necessary Peritoneal cultures are taken routinely 
Silk technic is used thioughout, although the peiitoneal sutuie is often changed 
to catgut The peiitoneum and fascia aie closed and the skin and fat left 
open 111 all undiamed cases m oui peiforated group Occasionally, the 
deeper layers of the fat aie approximated with interrupted silk It may 
be added that the use of fine silk does not in any way hinder the healing of 
the wounds m the presence of infection If any of the ligatures work loose 
they aie cairied to the surface by the granulation tissue The gianulation 
tissue grows rapidly around those that lemain fixed (Shambaugh and 
Dunphy^^), and small sinuses have not developed, as occasionally happens m 
wounds where heavy silk is used Due to the fact that the incision is made m 
the line of skin elasticity, there is no tendency for the wound edges to separate, 
and m all cases, except those m which there is a tendency toward keloid 
formation, an almost hairline scar is left The immediate cosmetic result is, 
indeed, remarkably good because of the lack of stitch scars Postoperatively, 
the peiitonitis cases are put on an Ochsner type of regimen, with a Wangen- 
steen suction attached to a Levin tube in the stomach, until audible peristalsis 
occurs 

Comment — The methods of procedure outlined have impressed us 
favorably The patients, on the whole, do not seem as sick m comparison 
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With the chained cases as the figuies might seem to indicate We believe that 
an abdominal wound which does not have a chain thiough its complete thick 
ness IS inoie comfoi table than one which has Ceitainly the lack of a pio- 
fuse, continual clischaigc of pus, with a fecal ocloi, is a help to the inoiale of 
the patient and makes the chessings moie comfoi table 

\^^e do not know what w ould happen if any of oui cases of lai ge collections 
of pus 111 abscess cavities weie closed primaiily Oui opinion is that the 
abscess wall contains so much neciotic mateiial that external drainage is 
necessaiy foi eventual clischaigc of the slough Of oui thiee “abscess” cases, 
that weie not chained, theie weie none which showed laige pus collections 
They weie all small, localized collections without thick walls 

It is obvious that the ciiteiia we have used to include cases in this senes 
have then limitations The}' indicate nothing as to the amount of peritoneal 
infection the patient may have at the time opeiated upon or the extent of his 
immunity i espouse to it, factois which must always be consideiecl in estimating 
the piognosis in these cases We do feel, however, that they aie consicleiably 
moie conciete than othei classifications heietofoie used, and that the question 
can only be settled by woiking along such lines 

Because of the small senes of cases, it may be justly argued that the 
moitahty peicentage figuies aie not final Notwithstanding this, the fact 
that only one of oui 20 patients died ot peiitonitis is good evidence that 
nondiainage is not a harmful procecluie Added to this is the fact that 
the above mentioned patient was one who had had syinj^toms foi thiee days 
and had taken cathartics, one whom undei oidinaiy ciicumstances we should 
tieat without immediate opeiation 

Summary — (i) Stud ciitena foi establishing the piesence of perfoia- 
tion in cases of appendicitis have been foimulated 

(2) Of III cases satisfying these ciiteiia ovei a five-yeai penod, 91 had 
intiapentoneal diainage and 20 piimaiy pentoneal closuie 

(3) A compaiison of these tw'o series shows in the undiamed gioup, a 
lowei mortality rate and lessened incidence of fecal fistula, but a highei 
postopeiative leaction and mci eased incidence of secondaiy abscess 


CONCLUSION 

Piimaiy closuie of the peritoneum in peifoiated appendicitis without 
abscess is a safe pioceduie, and wan ants fuithei tiial in an effoit to loivei 
the high moitahty late 
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CONGENITAL CYSTIC KIDNEY TRE 4 TED BY URETERAL 

DRAINAGE ^ 

Guy L Hunner, MD 
Baltimohe, Md 

FROM THE GFNECOLOGICVE DEPVRTMENT OF THE JOHNS HOPKINS UNII EUSITI AND HOSPITAE, BALUMORE, MD 

There is a faiily wide consensus of opinion among suigeons that in most 
cases of congenital cystic kidney suigical inteivention is without value 

Medical treatment foi this condition follows the indications for combating 
the vaiious foims of lenal failuie coming undei the geneiic teim Bright’s 
disease, and consists of medication, dietetics, hydi othei apy, mental and physi- 
cal 1 est, and, when possible, having the patient live m an equable climate 

Obseivations on the tieatment of a limited numbei of these patients dm mg 
the past 20 yeais have led to the belief that many of them have bilateral 
ureteial stricture, which condition augments the lenal stasis caused both by 
the multiple cysts and, m some cases, by lateial pressure of the mass against 
the upper ureter 

If these observations aie supported by othei mvestigatoi s, we will have a 
compai atively simple method, embiacmg both medicine and suigery, foi re- 
lieving symptoms, improving the geneial well-being and prolonging life in 
these cases wheie, too often, the outlook has seemed rather hopeless 

The discoveiy that uieteial stiictuie occuis m many of these cases em- 
phasizes the great impoitance of an eaily diagnosis Too often, clinical 
symptoms of sufficient uigency to diive the patient to a physician do not 
develop until there has been such complete destiuction of the renal tissue that 
the victim is ah eady m a fatal ui emia , or the accompanying vascular changes 
have led to an intracranial accident Foimeily, in the face of such tiagedies 
the physician could assuage the grief of lelatives by the obseivation that, 
even had an eailier diagnosis of the tiue condition been made, science held 
no remedy for a long postponement of the event 

What are some of the difficulties pi eventing an early diagnosis^ Because 
of its rarity, the average practitionei and even the expeiienced uiologist, too 
often, overlook the significance of signs and symptoms which faiily clamoi 
for a correct diagnosis 

The disease is geneially conceded to be of congenital oiigin, it may be 
tiansmitted through the male or female, and at times, as Crawford^ and others 
have shown, it occurs m many members of the same family Apparently it 
occurs with equal frequency m the two sexes Braasch,^ m reporting on 
the vast material of the Mayo Clinic, found that m 193 patients with this dis- 
ease, 98 were females and 95 males These facts should lead us to eailier 
diagnoses, particulaily if there is a suggestive family histoiy of renal disease 
An unexplained history of recent loss of weight, geneial malaise, anemia, 
headache, or gastro-mtestinal distuibances should make us suspect a possible 

* Read before the Southern Surgical Association, White Sulphur Springs, W Va, 
December 6, 7, 8, 1938 
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oiigin foi these symptoms in the uiinaiy tiact, and if, in addition to such 
symptoms, theie is a hiUoiy of backache, pam in the flanks, oi bladder dis- 
tal bailees, we aie placed on guaul to examine most carefully for enlargement 
or tenderness of the kidneys, and tenderness on palpation over the ureters 
These patients sometimes consult the physician with the sole complaint that 
they have chscovcied “a lump in the side,” but even in such cases, careful 
questioning elicits the fact that the patient is below par in initiative and en- 
duiance, is subject to headache, or has dull discomfort in the lumbai region, 
vaiious gastio-intestmal symptoms, or distuibances of the bladder function 
Any one or moie of these symptoms may have been present for so many 
yeais, and have so successfully thwarted spoiadic efforts at medical relief 
that the patient Anally has taken the fatalistic attitude that he is destined to 
put up with them, and is jolted into the advisability of another medical con- 
sultation only by the discovery of a mass in the side 

With the above history, and an enlargement or abnormal jiosition of one 
01 both kidneys, and the demonstiation of tendeiness along the urinary tract, 
omission of a thoiough examination of the ujipei tiact is inexcusable Should 
the urine show albumin, casts, oi othei signs of pathology, and should the 
functional test show a deficiency, or should there be hypertension, or oculai, 
or othei signs of a cai diovasculai distuibance, the thoiough examination 
of the uppei unnavy tiact is even moie imperative With the total picture as 
above presented, one which is so suggestive of chionic Blight's disease, it is 
foitunate for the patient that, with the most systematic examination of the 
uppei urinaiy tiact, only in laie instances will we be able to demonstiate the 
condition of bilateial polycystic kidney 

The piesence of large bilateial masses m tlie flanks is the most suggestive 
physical sign of this disease, lint even witli the discovery of such masses, the 
diagnosis is not completed We need caieful i oentgenologic studies to dif- 
feientiate between polycystic disease and bilateial tumor, bilateial hydro- or 
pyonephrosis, bilateial calculus disease, bilateial lenal tiibei culosis, and bi- 
lateral pel inephritis Since most of these suigical diseases are accompanied 
by bilateial ureteial stiicture, we find in some instances that the bilateral 
enlargement m the flanks is due to one of these secondary conditions on one 
side and to aiiothei of these conditions on the opposite side 

Usually we gam considerable light on the diagnosis by a plain loentgeno- 
gram followed by a senes of exjiosuies taken at inteivals after the intiavenoiis 
injection of one of the radiopaque media Howevei, the intravenous roent 
genograms may piove most misleading, and we geneially fall back on the 
retrograde uiogiams foi moie acemate data Since learning of the fiequent 
association of uieteral stricture with most lenal diseases needing roentgenologic 
studies, I have always opposed the retiogiade injection of both kidneys at 
one treatment Probably in no disease is this more dangeious than ^ 
cystic kidney, and if this condition is suspected, the plain film should he 
followed by a uiogiam of one side only Mith the cathetei in its high 
The cathetei should be left in the high position long enough to dram o Je 
injected mateual, and a salt solution inigation of the pelvis should fo oiv 
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befoie removal of the cathetei If lueteial stnctuie is present with polycystic 
disease, in etei ogi ams may be taken with less danger at latei sittings, af tei the 
nan owed aieas have been dilated Needless to say that the easy and palpably 
unobstiucted introduction of a plain catheter, without a bulb, is not a diagnostic 
sign of the absence of stnctuie 

If on palpation of the abdomen, a laige mass is discoveied m one flank 
only, this does not exclude the piesence of bilateral polycystic kidney Usually 
the smallei kidney is palpable and shows signs of some enlaigement, and 
1 oentgenogi ams show suggestive enlaigement and defoimity of the cahces 

As noted above, many of these patients give a history more or less charac- 
teiistic of Blight’s disease and the uiinalyses and othei clinical findings 
usually duplicate those of Blight’s disease Moreovei, as in Blight’s disease, 
eaily death by uiemia, oi Avascular accident, oi by mtercurient disease favored 
by the patient's condition of loweied vitality, is too fiequently the expeiience 
of victims of bilateial polycystic kidne}'’ 

Histologic studies reveal the amazing destiuction of the lenal tissues in- 
duced by the piessuie of the myriads of cysts Just what influence these 
piessuie effects have on the thickening of the walls of the aiteiies and 
aiteiioles within the kidney, and on the nan owing of the lumen of these 
vessels, and ivhat lelationship these phenomena have to the caidiac hyper- 
tiophy and hypei tension found in such a high peicentage of patients with 
bilateial polycystic disease of the kidney, aie questions still undei debate and 
intensive study (Schacht) ^ 

Fiederick C Heiiick'^ demonstiated giaphically, on two fleshly lemoved 
autopsy specimens of polycystic kidney, the gieat influence exeited on the 
lenal cii dilation by the piessuie of the distended cysts “Noimal saline was 
pel fused thiough them at an aiteiial piessuie of 130 Mm of Hg The 
aveiage of seveial observations was 315 cc letuining thiough the vein in 
five minutes Without changing the piessure 01 flow but allowing it to go 
on continuously, many of the cysts weie aspnated with a Recoid syiinge and 
fine needle, 365 cc of fluid weie thus aspnated fiom the cysts of one kidney 
While so doing the manometnc piessuie fell from 130 to 10 Mm, although 
the flow was continuous The piessuie was leadj listed at the noimal Now, 
duimg the same peiiod of five minutes, the volume flow thiough the kidney 
was 1965 cc , ovei five times the volume flowed befoie aspiiation ” 

In woik with uieteial stnctuie, we not infiequently have patients piesent 
histones and clinical findings that place them with a diagnosis of what is 
commonly teimed Blight’s disease The uiologist usually sees only those 
patients in whom such signs and symptoms aie accompanied by some so- 
called suigical complication, such as hydionephrosis, chionic lenal infection, 
calculus disease of the kidney 01 uietei, the so-called essential hematurias, 
and vanous congenital anomalies of the uppei uiinaiy tiact Occasionally 
the patient ivith a supposedly puiely medical nephntis comes undei his caie 
To see the Blight’s disease featuies of these cases, such as lepeated uremic 
convulsions, peisistent hypei tension peisistent hematuiia, and many of the 
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lessei evils, such as anemia, fever, headache, dizziness, backache, gastro- 
intestinal distill bailees, and bladdei symptoms, gieatly ameliorated or entirely 
cleaied up by the simple expedient of lestoimg good ureteial drainage, is one 
of the most sti iking and satisfactory experiences in medicine 

Such expeiiences, lepeated many times, make one question what role the 
stasis caused by uieteial stiictuie may have in hastening the destruction of the 
lenal tissue in the kidney already damaged by the pressmes incident to poly- 
cystic disease In the past, when polycystic disease has been complicated by 
infection, calculus, heinatuiia, etc, we have ascribed these secondary com- 
plications to the pool cii dilation in the renal vessels, and to the stasis of urine 
due to the defoimities of the pelvis and cahees No doubt, the lateial pressure 
of the laige lenal mass compressing the uppei ureter against the spine also 
plays an important idle in causing lenal stasis in the occasional case If, 
howevei, we can demonstiatc that many of these patients with polycystic 
disease also have bi lateial uieteral stiictuie, we have at hand a comparatively 
simple method foi the amehoiation of many of these secondary complica- 
tions 

Of fai moie impoitance will be the ability to improve the health and 
piolong the life of many of these victims, paiticulaily when we make early 
diagnoses, and institute uieteial diamage in time to obviate that poition of 
the lenal destiuction that is due to the uieteial stasis This early institution 
of good uieteial drainage will seive as a prophylactic against many of the 
secondaiy complications, hut some of them will occui because of the distoi- 
tion of the calices by the cysts and the consequent interfeience with good 
diainage, and, in the occasional case, because of the uieteial stasis caused 
by lateial pressuie of the lenal mass Of coiiise, in seeking to determine 
why these complications occur in any kidney, we must keep m mind various 
contiibutory factois other than inadequate diainage 

In piesentmg a senes of patients having both polyc3''stic disease and 
uieteial stricture, it may be well to warn the reader that in many of these 
cases he need not expect to find stiikmg i oentgenologic veiification of 
ureteial stricture Some uiologists still depend on the use of the plain 
catheter, without bulb, togethei with the i oentgenologic evidence, for a 
diagnosis of ureteial stiicture P have shown that with the Kelly method 
of ail cystoscopy one can use a No 7, 8, or 9 plain cathetei, without bulb, 
and intioduce the cathetei to the kidney m two-thirds of the cases suffering 
from the effects of stricture without detecting evidence of narrowing The 
smaller cathetei s, generally used with the Nitze or water-method of cys- 
toscopy, will certainly miss a laiger pioportion of stiicture cases 

For a numbei of yeais, it has been my observation that in the patients 
who come to the urologist because of lenal symptoms, and in whom one 0^ 
the more common congenital defects of the upper tract is found, the patients 
symptoms are not due to the particular anomaly pC 7 se, but to the presence 0 
some form of ureteial obstruction In, by far, the greater percentage 0 
these patients the obstruction is caused by uieteral stiicture, and in a sa is 



Volume no CONGENITAL CYSTIC KIDNEY 

Number 2 

factoiy propoitioii of them the symptoms are impioved or entirely cuied 
by the use of the single method of ureteial dilatation 

Whether the failuie of the uieteis associated with congenital defects of the 
kidney, including polycystic kidney, to show i oentgenologic evidence of gross 
dilatation, in answei to the stasis of stiicture, is due to an unusual congenital 
stiuctuie of the entiie uieteial wall, is a question for futuie investigation 

Foi piactical, clinical purposes, however, one does find i oentgenologic 
evidence of stiicture m most of these cases In the past many uiologists 
have been missing the finei points of inteipietation, and those uieteis showing 
only slight oi moderate dilatation, with i oentgenologic evidence of one or 
moie aieas of filling defect, have been called noimal Unfoitunately, they 
have led many loentgenologists into the same method of interpretation On 
withdiawal of the bulbed catheter, the bulb “hangs” in a certain area, or m 
multiple aieas at certain distances above the external urethral oiifice By 
ref ei ring to the ureteiogiam, usually one can read the filling defects in the 
otherwise noimal-appeaiing, or only slightly dilated, ureteial lumen, at the 
areas of nan owing indicated by the bulb test 

CASE REPORTS 

Case I — Mrs L B , age 37, first entered the Medical Dispensary, May i8, 
1917, complaining of backache, occasional colicky pains in the right back, and a swelling 
in the right abdomen, which she had noticed for two years She had been habitually 
constipated The family history did not suggest cardiorenal disease Large bilateral 
abdominal masses were discovered and the patient was referred to the cystoscopic de- 
partment 

Ufologtc Examination — Investigation revealed a large mass in either flank, in- 
terpreted as being large prolapsed, movable kidneys Tlie urine was normal The 
urethra was densely infiltrated and at the first examination a 5 5 Kelly cystoscope was 
used The bladder was normal A plain catheter without bulb was passed apparently 
to the right kidney and 40 cc of clear, normal urine were collected m a rapid flow 
Four days later, a catheter with a No 12 Fr bulb was used, and on withdrawal, the 
bulb had a firm “hang” m an area about 4 cm above the bladder One month later, 
the patient returned, reporting great relief from the discomfort m the right side Theie 
had been no return of the severe colicky pains The last menstrual period had been 
almost free from the severe pains m the right lower pelvis from which she had suffered 
all during her menstrual life A No 12 Fr bulb was again used for dilatation The 
patient returned six months after the first treatment She reported great improvement 
m health There had been occasional slight pain m the right lower quadrant The right 
ureter was dilated with a No 15 Fr bulb, which “hung” at 9 cm from the outside 
The kidney took 30 cc to the point of discomfort Two days later, the left side was 
investigated, although none of the patient’s symptoms had been referred to this side 
The catheter was prepared with a No 12 Fr wax bulb, and this obstructed completely 
when the bulb reached the region of the broad ligament The patient was treated on 
both sides a few times during the early months of 1918 She constantly reported good 
health during this time except for occasional slight pain m the region of the right 
kidney, and this prompted her to return for fuither treatment 

The patient was not seen again until April, 1928, when she reported very little 
discomfort during the previous ten years, and she came m this time because of a new 
complaint, vis, a dragging sense of pain and discomfort low down m the abdomen 
and low m her back Four months pieviously, she had first noticed what she considered 
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cl pioplapst of the woml) and this was syiithi onous with tlie onset of liei pain The 
SI niptoms of pi olapsc and pain wei e cxagRcratcd wlien she was on liei feet and working 
hilt coniplckh uhiied In icst in bed The patient liad changed from a condition of 
eniaentioii to one of nhesite dining the iirevioiis ten years Hei color was good and 
she did not appeal ill m an\ wae BP iso/ijo, lib 98 pci cent, WBC 9,500 Right 
kidnee seemed aiiont 25 times its noinial size and the left about twiec its normal size 
Dining tlie intei veiling ten 3 cars, i\c had treated seeeral patients with congenital cystic 
kidney, and now, for the first time, this diagnosis, winch should have been perfecth 
obvious during her first iinestigatioii, was made in this case Ihe cervix protruded 
through the vaginal orifice, it ivas dccpl} lacerated and there was a pob^poid growth, 
about 6 cm long and quite inegular in outline, protruding from the anterior lip 

A two-hour PSP showed First hour, 275 cc— 30 per cent, second hour, 525 cc— 10 
per cent 

Right uiogranis, April 10, 1928, wutli 24 cc Nal solution Left urograms, April 12, 
1928, W'lth 40 cc Nal solution After the Cleveland Clinic fire, all earb' roentgenograms 
were destioecd including those on this patient 

We discussed tlie advisabilite of pci forming an abdominal h\ sterectoni3 , w’hich w'ould 
enable an examination of the kidneys, but \agnia! hysterectomy offered a much safei 
and less depleting operation for the patient This w'as undertaken, April 24, 1928 The 
adnexa were normal and were left in <nlu, and the laginal vault w'as carefull} suspended 
by the various ligaments 

The patient w’as follow'd! for a lear after the hvsterectoni3 , ha\nig occasional dilata- 
tion of each ureter The right ureter w’lth one stricture area, 9 cm from the external 
urethral orifice, was dilated to a No 16 Fr The left ureter, with a long, diffuse 
stricture 111 the upper ureter and an annulai stricture at 6 5 cm from the outside, was 
dilated to a No 17 Fr Final adniission Five years later, August 3, 1934, which was 
17 years after her first visit, the patient w'as brought to the accident room in convulsions 
She was admitted to the medical ward B P 200/90, T 998° F, P 116, R 28, Hb So 
pel cent, RBC 4,230,000, WBC 20,900, NPN 210 mg per cent Urine 1,008, 
large amount of albumin, finely granular casts, a few' W B C and RBC Death, at 
age 54, occurred on the second day' after admission From the family it w'as learned 
that the patient had been failing for about eight months She complained of being 
worn out, of gradual loss of vision, of aching and cramps all ovei the body, and of 
lumbar pam on both sides For two months, she had eaten very little For one month 
she had been extremely nervous and irritable 

Autopsy — No 13,787 Congenital poly'cystic kidneys and liver, mucopurulent 
bronchitis , emphysema , slight arteriosclerosis 

Gross note on the ureters “The ureters and pelves are smooth and practically normal 
111 appearance The pelves aie not dilated, perhaps they are a little stretched and elongated 
It IS difficult to recognize any proper calices The ureters show no constriction The 
bladder seems practically normal ” Blocks were not taken from the ureters, and these 
organs were not saved 

Case 2 — Mrs A R, age 43, referred January' 7, 1928, by Dr A A Pearre, who 
had studied the patient’s condition at the Frederick City Hospital, and concluded that 
she needed treatment for a pyonephrosis or a possible renal tumor The patient was a 
large-framed woman, weighing normally 182 pounds She had always enjoyed good 
health and had been a hard-working woman up to three months previously The family 
history was negative except that her father died of Bright’s disease Tw'o children living 
and well Menopause, normal, one year ago Three months ago, complained of a sore, 
dry mouth and since then has complained chiefly of gastro-mtestinal symptoms, aversion 
to food and water, nausea and vomiting, a sense of fulness and pressure across the upper 
abdomen About one month ago, had severe pains in both flanks lasting on y one c ay 
No frequency of urination Thinks the volume of urine has been less than norma 
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she has been dunking but little watei Some chilly sensations, thinks no fever Steady 
loss of weight The skin and mucous membranes showed a distinct pallor 

Laboratory tests showed tlie mine to be acid, specific gravity 1,012, albumin 4 plus, 
no sugar, many pus cells, a few eiythiocytes BP 140/80, Hb 53 pei cent, RBC 
2,900,000, WBC 14,000, NPN 46 1 , bl sug 1 17, urea nit 2828, urea 6052, uric 
acid 516 Two-houi intramusculai PSP Fust hour, 12 pei cent, second hour 20 
per cent Daily temperature as high as 102° F 

Physical Exaimnation was without special findings except foi the piesence of a 
large mass filling each flank These were interpreted as enlarged kidneys, they weie 
rather tender on palpation, and the ureters were tender on palpation over the region 
of the pelvic brim and m the broad ligaments The left ureter seemed infiltrated in 
Its bioad ligament portion, but did not feel like a tuberculous ureter Careful examina- 
tion of the urine for tubercle bacilli was negative 

The patient was so ill that we were cautious about active investigations, and, during 
the month she was m the hospital, wc cathetenzed the right kidney twice, finding it 
the seat of a colon bacillus pyonephrosis, and the left kidney once, this being the seat of 
a 40 cc hydronephrosis infected by the Staphylococcus albtis With our small bulbs 
we got fairly definite evidence of ureteral stricture Ten days after the last ureteral 
treatment, and after several days of seeming impiovement, the patient suddenly developed 
coma and died within 24 hours 

Autopsy — Church Home No 246 Revealed bilateial congenital cystic kidney, a 
condition which had not been considered m our clinical investigation, although the 
urograms showed widespread dilated calices (Roentgenograms destroyed after the Cleve- 
land Clinic fire ) It had been considered by the staffs at the Fiederick Hospital and at 
the Church Home that the right kidney was decidedly larger than the left At autops} 
the right kidney weighed 720 Gm and the left, which had a complete reduplication of 
the pelvis and ureter, weighed 1,700 Gm The ureters were described as appearing 
normal and were not saved Other autopsy findings, probably contnbutoiy to death, 
were edema of brain, bilateral, catarrhal, purulent bronchitis, right bronchial pneumonia, 
and fatty degeneration of liver with focal necrosis 

Case 3 — Synopsis lutcistitia! cystitis Infected hydi onephi osis Bilateial, dilated 
uicteis appai ently fi oui pen-ill cfei itis in bladdei zvalls Cholelithiasis Rcctoccle Diag- 
nosis of eongenital cystic kidney made only aftei autopsy on Case z, and compaiison of 
the i oentgenogiams on Cases 2 and 3 Gicat impiovement in bladdei symptoms and in 
gencial health aftei iiicteial dilatation Death thice months latei 

Mrs C G , age 57, was seen in the Johns Hopkins Hospital dispensary, January 
21, 1928 When SIX months pregnant with hei only child, 30 years ago, she began having 
intense bladder symptoms and had to wear a rubber urinal because of incontinence 
The child, weighing i 5 pounds, was born at eight months Ever since, there has been 
much bladder frequency and pain and occasional leakage One year after the baby’s 
birth, patient was operated upon for ovarian tumor, and for a year bladder irrigations 
were given, with some improvement The surgeon leported finding one side of her 
bladder much thickened Synchronous with the bladder symptoms, there has been much 
indigestion, and about twice a year she has an acute right “kidney colic” and indigestion 
A plain roentgenogram showed a large gallstone but theie was no tenderness in the 
gallbladder region, and the patient’s attacks of indigestion seemed associated with the 
urinarj" tract symptoms 

Cystoscopy revealed an apparent widespiead mteistitial cvstitis involving chiefl\ the 
left half of the bladder, and in the vertex were tiny lesions suggestive of elusive ulcers 
The kidneys showed irregularh dilated pelves and calices, the right side holding 41 cc 
and the left 16 cc Both sides were infected Each ureteial lumen was about i cm m 
diametei from the kidney to the legion of the bladder w^all , we. considered this dilatation 
as due to the thickened bladder w'alls rathei than to true stiicture The half-houi 
inti amuscular PSP show'ed 
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Ap T Amt Per Cent 

Right kidney (catli ) 7 min 50 cc 5 ? 

Left kidney (bind ) 10 min 50 cc 5 ? 


The outline of the left kidney seemed considerably enlarged and nodular, and i\e 
seriously considered the possibility of a renal tumor While dilating the ureterovesical 
legions at ten-dav intervals, we had the autopsy on Case 2 at the Church Home, and 
the similarity of the irregular renal pelvis shadows in the two patients drew our attention 
to the probability that this patient was also a victim of congenital cystic kidney 

The patient’s symptoms and the appearance of the bladder steadily improved, until 
a dilatation of No 17 Fr was reached, when the patient was dismissed with advice to 
her physician in North Carolina that she might later need a series of ureteral treatments, 
and. 111 view of her low renal function and absence of gallbladder symptoms, we advised 
against a gallbladder operation unless it became imperative 

A recent report from a relative says that the patient died about three months after 
her return home The immediate cause of death was not mentioned This report was 
rather surprising, for the patient was able to board near the hospital and have her 
treatments in the dispensary, and the apparent gain in well-being and the rapid im- 
provement in her bladder condition seemed to promise a new lease on life The most 
adveise clinical finding was the very' low functional value, unfortunately, the two-hour 
test was not repeated after the ureteral dilatations 

Case 4 — Mrs 2 B , age 42, was seen in a state of coma at her home, May 24, 
1931 According to her husband she had complained 48 hours previously of a severe 
headache The following morning she had seemed well, but that evening she again 
complained of severe headache and seemed to have become clouded mentally The ne\t 
day, the patient had been 111 coma continuously When examined, she seemed to be m 
a quiet sleep The breathing was heavy but not stertorous No odor was detected, sug- 
gestive of uremia or acidosis Tlic color was excellent The pulse was strong and 
legular but slow, between 50 and 60 Pinching the arms and legs elicited normal re- 
action Brief questioning seemed to point to a renal origin for the coma The patient 


had a daughter 111 good health, 19 years of age Later, there had been two spontaneous 
abortions at about the third or fourth month, said to have been due to low blood 


pressure The tension was said to have altered from time to time between very high 
and very low levels Five months previously^ there had been an attack similar to the 
present one, lasting for two days, which was ushered in with severe headache The 
patient was sent to the Church Home where the following notes were made T 101° F, 
BP 200/85, WBC 14,400, Hb 104, NPN 366 mg per cent, bl sug 266 mg per 
cent Ej^egiounds showed marked tortuosity of the vessels, no hemorrhage The patient 
had not voided for 24 hours and the bladder was catheterized of a small amount ot 
urine which showed Acid, a few RBC, a few gianular casts, no bile, sugar 


albumin -f-h, acetone -h, diacetic acid -h While obtaining the blood chemistry specimen, 
an intravenous infusion was given of 600 cc of 5 per glucose, and on finding the 
high sugar content of the blood and urine, there were given during the night three doses 
of insulin, each of 20 units The following morning the blood chemistry showed NPN 
41 4 mg per cent and sugar 122 mg per cent The patient died 14 houis after admission. 


and permission for a limited autopsy was obtained 

Autopsy — Through a small midline incision in the upper abdomen, the ab omina 
and pelvic organs were found to be apparently’’ normal Adrenals normal on inspection 
The kidneys were removed The left kidney weighed 390 mg , and measured i ^ 7^5 
cm Entire organ studded with various sized, thm-walled cysts filled with fluid varyinn 
in color from clear yellow to opaque and dark brown or black Largest cyst measime 
3 5 cm m diameter The right kidney weighed 460 mg and measured 16x8x5 cm 
lower pole consisted of one large thm-walled cyst filled with clear fluid an measurin 
7 cm in diameter The remainder of the kidney was studded with irregu ar sma cys 
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apparently less numeious than those in the left kidney No note was made on inspection 
of the ureters 

Case 5 — Synopsis Bilafetal congenital cystic kidney, in zvJiich the tine diagnosis 
zuas delayed foi five ycais aftei the fiist hospital admission, and then made only by an 
exploiatoiy abdominal opeiation The opeiation of paifial neplii ectomy piobably lesiilted 
in definite benefit to the patient’s lenal condition, although, appaicntly, most of the 
symptoms had been due to the pathologic conditions found in the iiieteis Symptoms ie- 
licvcd and patient’s genet al health vastly impioved by uictetal dilatations, inadequately 
foUozved dining the past sn yeais Removal of infected tonsils and caie of bad teeth 
in the past ycai 

Mrs OWL, age 20 when I first saw her, in 1932 In March, 1927, at age 15, 
she was admitted to the Surgical Department because of pain m the right lowei quadrant 
Leukocyte count 12,300 At opeiation, the appendix contained gas and fecal material 
and it was considered the site of an acute inflammation The pathologic diagnosis was 

“chronic appendicitis” Urine was normal at this visit Two years latei, the patient 
entered the cystoscopic dispensary, complaining that she had continued to have attacks 
of pain m the lower right quadrant similar to those experienced before the appendix 
operation Abdominal examination revealed enlargement and tenderness of both kidnejs 
and tenderness on palpation over the right uieter at the pelvic brim Urinalysis Pus, 
and culture of colon bacillus Two-hour PSP Fust houi, 75 per cent, second hour, 
5 per cent Plain roentgenogiam negative for stone, light urogram, right kidney much 
enlarged, pelvis and calices dilated , urine, pus and culture of colon bacillus Diagnosis 
Infected hydronephrosis, right, cystitis, chronic Treatment Dilatation of right uretei 
up to No 14 Fr No cultures before patient was dismissed 

I saw the patient for the first time, Apiil 5, 1932 She repotted good health after 
her last cystoscopic treatments, 111 1929, up until ten days before admission, when she 
was taken suddenly with a severe pain, this time m the left upper quadrant, radiating 
downward to the groin With the attacks, there had been fiequency and burning on 
voiding Occasionally there had been some pain in the right lower quadrant “where my 
appendix was” The patient had mariied since hei last visit, and m January, 1932, there 
was an early miscarriage without known cause 

Physical Bvamination — Abdomen appears normal On palpation a large mass oc- 
cupies the left upper quadrant, the lower pole resting on the transumbihcal line, and 
descending freely on inspiration It is slightly tender, and it feels rather more firm 
than a normal kidney, suggesting a chronic perinephntic mass, but its free mobility is 
against this view No nodules distinguished Left ureter at the pelvic bum is not 
tender, but pressure causes desire to void Right kidney easily palpable over its lower 
third on deep inspiration, seems of about normal size and consistency, freely movable, 
not tender Right ureter at the pelvic brim not tender, but pressure causes desire to 
void Appendix region, some gas on pressure, no tenderness Liver border apparently 
outlined m the gallbladder region, no mass, no tenderness Dragging over sigmoid not 
tender Genitalia normal size and position, freely movable Left uieter as it crosses 
through the broad ligament feels like a fine wire about No 8 size One can snap it 
over the tip of the fingei This maneuver is painful and causes desire to void, and 
reminds patient of a prolapsus sensation she has noticed since her miscarriage four 
months ago Right ureter not outlined, palpation elicits tenderness, a desire to void, 
and a sensation of prolapsus of the pelvic organs The house staff had made preliminary 
studies (Figs I, 2 and 3) The urine from the left kidney showed many leukocytes, 
and the culture yielded Staphylococcus auiciis With the catheter m the left ureter, the 
half-hour PSP showed 


Left kidney (cath ) 
Right kidney (blad ) 


Ap T 


3 mm 
3 mm 
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T\\o clavs later with tlie catlictei in the light side, tlie urine showed a raie leiikocAte 
and negative cultiiie The half-hoin PSP showed 

Ap r Amt Per Cent 

Right kidney (cath ) 5 mm 175 ec 40 

Lett kidney (blad ) 14 min 150 ce 25 

The delajed appearance time and low’er output on the left side may have been due to 
the temporary reduction in w'ork follow'ing edema of the left ureter after the trauma 
of examination tw'O dajs previously A small bulb on the catheter in the examination 
of each ureter gave a “hang” in the broad ligament region 

Clinical Inipicssions— "Patient undoubtedb has bilateral ureteral strictures as eii- 
denced bj the histoiy during tlic past three \cars, and bv the present phvsical findings 
While tlie mass in tlic flank feels much like an enlarged kidnej, or like an infiltration 



Tic I 


ric 2 


Tig I —Case S H'c plain r()tnt},tno},r im prccedinf, this 
Stone, mid, ns in this film it re\eTled the tip of 1 "Note the lirge dense mass filling 

interspace and the apparent loop of the of the left kidne> the greater cur\ature 

the left flank the lar^e stomach ^hadon blinnnp } jl,e border of the mass coaers the 

of the stomach crowded upward and to the ri^ht b> the ma H catheter ^'’2''''' r 

i'„l';he"‘-I.ll,kr „p .. 4 . «. - -I" «' 

....mpopp ..n *• ’'■“'o;' £;;s„‘r. 

nal ureter filled up to the region where catheter tip was ’stric node, and another about 2 

pehic portion of catheter w ith filhng ‘ lumbar interspace to kidnea, 

cm aboae the ureteral orifice Reflux to bladder J'” > noner and lower calices 
avitli slight shadow of the pehis and "'mt appear * , , ^ ^ point opposite the third lumbar 1 

■pjp - Pase ^ Right tirogram showing the catheter tip ^Tid 'ig'im in the midportion ot 

space^ Note the sbght reflux of Nal 111 the -gion of the pehic ^ - and agam^^ 

th^pehis down to the broad ligament region Without V''”"„ccmal ureter The reading of 

region one would haae to interpret this .^t^.^enls how ea er, reaeal that the ^ugges 'eh 

SL>^:ll”:har^^ctt'‘U^he1f{rce^s^f^^^^ " 

that ave were dealing with a congenital cjstic kidnea 

of the perirenal fat, yet the chmeal history, the The^presence 

and the normal leukocyte count, do not favor the ^ barium enema 

of stricture could account for the patient s recent symp ^ 4 and 5 ) 

and an intravenous senes as further aids m Hie diagnosis bilateral hydro- 

p.copcuvc Oinsiiorir-Multtple or mtest.nal ongtn With 

nephrosis, tumor in left flank of renal, spiel , P . , upon a left rectos in- 

the uncertainty of the ongin ot the tumor mass, we 

cision, in order to give easy acce^ to ei er ^gd by Doctor Runner A short 

Opciation-Kvvi\ 12 , I932 Dr Gerald Hurd, assisted dj 

240 


'r '“XT •' ». « 

■ fir 






N 




}/ 


Annal'? of Surgery 
August 1030 


GUY L HUNNER 


reg.ons and was more severe on the left s,de For the previous week the pain had been 
more severe and was accompanied by nausea Doctor Everett found that she had bikteral 

relief A^the dilatations on either side there was marked 

relict At the first visit, a half-hour intravenous PSP yielded 


Ap T 

Left kidney (cath ) lo min 

Right kidney (blad ) lo mm 

This seemed to verify the value of our conservative operation on the left side, and 
to indicate that the right kidney had deteiiorated m its working capacity during the 
pieccding five jears This deterioration may chiefly have been due to increase in the 
sire and pressure of the multiple cysts, and, if so, it probably was permanent On the 


Amt Per Cent 
275 cc 30 

75 Cc 15 



Tic 7 Tig 8 


Tig 7 — Case s Note absence of large shadow formcrlj filling left flank Again tve see the 
catheter tip obstructed in approxiniatclj the same region as in Figure i This obstruction maj ha\e 
been caused by a stricture stopping the tip or distal shoulder of the bulb, or 1 kink stopping the tip 
It appears that there is a very narrow area just at the tip and a sharp angulation just above this nar 
row area On subsequent treatments vve have passed Nos 10 and 12 bougies, with the sloping end reach 
ing full sire s cni back of the tip, entirely over into the kidnej We then passed the No 9 whistle tip 
catheter with a No 12 Fr bulb over into the kidney and on withdrawal, obtained a strong ‘hang” at 
this area, 26 cm from the external urethral orifice, and ‘ hangs” in the region of the hypogastric nodes 
and in the broad ligament 

Fig 8 — Case s November 17, igjS Shows about the same sire pelvis as Figure 6 taken February 
9, 1938 The ureterogram shows a sharp angulation opposite the fourth lumbar, where we have fre 
qiiently met an obstruction to the catheter tip on introduction However, bulbs up to No t5 Fr show 
‘hangs” only in the region of the hypogastric nodes and in the broad ligament where filling defects are 
seen in the film The left ureter has given more trouble because of the frequent failure to get through 
the high stricture (Fig 7), and a No 12 Fr has been the highest dilatation reached 

Other hand, the deterioration may have been due, in considerable degree, to the sta<'is 
of contracting ureteral stricture, and, if so, the reestablishment of good drainage would 
result in improvement of the PSP output The patient returned eight months later, 
February 6, 1938, having been well until February 2, 1938, when she began to have a 
nagging feeling in the region of the navel, a marked hematuria, and a constant desire 
to void The hematuria continued until the day of admission, when severe colicky pains 
began in the left upper quadrant The clinical findings were B P 163/100, Hb 85 per 
cent, N P N 32, CO2 54 , two-hour PSP First half-hour, 200 cc , 40 per cent , second 
half-hour, 400 cc , 15 per cent, second hour, 720 cc, 12 per cent, total 67 per cent 

I saw the patient, February 9, 1938 After the first day m the hospital there had 
been some pain after meals but no renal colic She had not again seen blood in the 
urine A catheterized bladder specimen, centrifuged, showed in the h p f , 3 to 4 R B C , 
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10 to 12 WB C , lod bacilli, and an occasional hyaline cast The left kidney had been 
much reduced in size after the opeiation The lower pole leached the navel line and 
the kidney felt slightly enlarged, not tender The left ureter pelvic brim region was 
very tendei , and pressure caused a nauseated feeling and a desire to void, and the patient 
said this was the seat of her chief pain The right kidney was larger than before the 
opeiation on the left side, nearly six years previously The lower pole extended slightly 
below the navel line, and there was slight tenderness 

The right ureter (Fig 6) took a No g pomted-tip, radiopaque catheter, with spiral 
wax-t'p and small bulb near the tip, encountering three lather dense obstiuction areas 
going in, one of these being near the kidney Fiee flow, as if some renal retention 
About 30 cc of urine came out m a steady stieam The right kidney specimen reported 
as containing no R B C , W B C , casts or organisms, but a slant agar culture developed 
a heavy giowth of B coh On withdrawal, there was no “hang” of the scant I 2 Fr 
bulb m the aiea near the kidney, which had firmly obstructed the catheter on entrance, 
but theie were two definite “hangs” in the lower pelvic uretei No scratch marks on 
tip or bulb The tip had been m originally 355 cm above the external urethral oiifice 
Figure 6 shows that the kidney pelvis had more than doubled in size during the six 
yeais since Figure 3 was taken Part of this increase in size, no doubt, was due to 
the geneial mciease m size of the kidney, but some of it may have been due to the 
stasis caused by the strictures On the following day uiograms were obtained on the 
left side, only one of which is repioduced (Fig 7) 

The patient was followed during the summer of 1938, and the right ureter was satis- 
factoiily kept at a dilatation of No 15 Fi 
A recent half-hour PSP showed 

Ap^ T Amt Per Cent 

Right kidney (blad ) 5 nun 120 cc 30 

Left kidney (cath ) 5 min 75 cc 15 

This, compared with the half-hour differential test, made June lO, 1937, seems to show 
a considerable impiovement on the light side since good drainage has been sustained, 
while the left side, with the difficulties of drainage, has deteriorated 

June 10, 1937 The patient reported good health for nearly five years, and then 
the development of her foimer symptoms after an attack of influenza This led to the 
quest for possible foci of infection, and diseased tonsils and teeth were found The 
teeth were attended to, but the tonsils were not removed until April, 1938 With the 
more systematic treatment during the past few months, the patient usually reports freedom 
from all symptoms, and she seems to be leading the normal life of a hard-working 
housewife 

Case 6 — Synopsis Bilateial congenital cystic kidneys zmth chief symptoms lefeiied 
to the gasti o-intestinal tiact Cholecystectomy, thiee yeais pi cvioitsly, zmthoiit appai cut 
benefit Pi eopeiatwe Diagnosis Tiimoi of left kidney and possibly of light, bilateial 
weteial stiictiue Occasional lueteial dilatations dining the past six yeais, the patient 
enjoying compai atively 1101 mat health 

Mrs M P , age 29, was admitted to the hospital, September 20, 1932, complaining 
that four months previously she had discovered a mass in the left upper quadrant This 
was only slightly painful, but it made her nervous and caused pain in the cardiac and 
left axillary regions Steady loss of weight No hematuria Soon after marriage, 12 
yeais previously, she had an abortion of a one-month pregnancy, and soon had a hystero- 
salpmgectomy for pus tubes Three years ago, developed indigestion and mucous colitis 
for which cholecystectomy was pei formed, without apparent benefit Last bad attack 
of colitis about one month ago 

Physical Examination revealed a rounded, nodular mass, easily palpable high in the 
left flank, projecting from beneath the left costal margin This descended freely on deep 

243 



AnnaUof Suij.U3 

AUffllSt 


guy l hunner 

lrs,„r;'rr rcl;:" “of rr f "■ 

tl.n/ff’ J’'"* Gerald Huid, resident gynecoRgist found 

that thee was b.latcial uieteial stnctuic A half-hou. int.avenous PSP showed 


Right kidney (c.ith ) 
Left kidnev (blad ) 


Ap T 

Amt 

Per Cent 

3 min 

75 cc 

33 

3 mm 

25 cc 

25 

each kidncv, cultiii 

es negatne 

Figures 



I ir g Tic io 


I'lGs g ind 10 — C ISC fi Till, tuliios sliow "i tciulciicj tomid llie tiifid t>iie the pelves hems, 
sill illcr thin noi nnl niid some of the cnlicts possibly shovvini, i slight teiideiicj to dihtition, ind, 
iftti the fim(inf,s it opcnlioii one nii!,ht iri,ut tint there is i sutgcstion of the splijed form of caiiv 

Opoatwii — Octobei 6, 1932 Dottoi Hind, assisted by Doctor Hunner Lumbar, 
c\ti aperitoncal explortitioii of left kidney The kidney was found to be about tliree 
times normal size, and filled with numerous small cysts, measuiing fiom i to 3 cm 
111 dianietei A small biopsy section was excised, and the renal wound was closed with 
a mattress suture of plain No i catgut The lumbar wound was closed in layers, and 
the foot of the bed was elevated 18 niches for the first 24 hours to favor a good per- 
manent position foi the kidney The patient was discharged in good condition on the 
sixteenth postoperative day She was advised to place herself under the caie of Dr 
Frederick Wright, of Hanovei, Pa, foi furthci dilatation of the ureters She con- 
sulted Doctor Wiight four months aftei opeiatioii, Januarj 30, i933i coniplaimiig of 
moderate pain in both renal legions and of fiequency of voiding A catheterized 
specimen of bladdei urine was cloudy, yellow, acid, specific gravity 1,002, sugar none, 
albumin 2 plus, no acetone or diacetic, a few pus cells B P 125/70, Hh 79 per cent, 
RBC 4,288,000, WBC 4,800 Between January and November, 1933. Doctor Wright 
ticated each meter on four occasions, dilating the stiictures up to a No 14 Fi The 
patient returned five y'ears later, February, 1938, reporting that her health had been 
good until quite recciitlv when she again began to have aching in the renal regions, 
frequency of voiding at night, and gasti o-intestinal symptoms The clinical jm estigation 
showed Urine ambet, cleat, acid, specific gravity 1,020, albumin one plus, no 
acetone or diacetic acid An occasional pus cell Blood urea 13 2, N P N 27 4, 1 
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90 pel cent, RBC 4.568,000, WBC 7,300 Two-houi intiavenous PSP Fust lioui, 
395 cc 40 pel cent second houi, 120 cc , 30 pei cent The ureters weie again dilated 
up to No 14 Fr , and a recent repoit says the patient has gained ten pounds in weight 
and has had good general health, but lecently has had moderate pain at times 111 the 
region of the left kidne}'^ Doctor Wright plans to have hei return for a senes of 
tieatments that will cair} hei uieters to a No 15 01 16 Fr dilatation 

Case 7 — Figuies ii and 12 aie loentgenogiams foiwaided, Febiuaiy 10, 1933, by 
Dr Etley P Smith, of Fairmont, W Va , who suspected he was dealing with a case 
of congenital cystic kidney A Polish coal-miner, age 37, had been sent to tbe hospital 
because of hematuria, which followed a blow over the riglit flank the previous day The 
family history and the patient’s past histoi}’- were negative, except for a gradual loss of 
20 pounds m weight during the past two years 



Fig II Fig 12 

Fig II — Shows the iifeht metei ciowded o\ei to the midline h\ the Hige renal mass mnowing 
of the uppei abdominal meter (probably bj pressure) slight dilatation of the pehic ureter from the 
pelvic 1 rim to a point about 4 oi s cm aboxe the bladdei Piobably one or moie stricture areas in the 
pelvic uretei 

Fig 12 — Shows a fine line of ureteial lumen in its vesical 2 cm Fioin tins area to the kidnej, 
the left ureteral lumen is slightlj" dilated except at a point opposite the fouith lumbar intei space Here 
there is an angulation and possiblj a sti icture (to be tested with a bulb) Piobablj definite stricture 
of vesical portion of left uietei 


Physical Examination showed appaient slight anemia, lather flabby musculature, 
and m the light kidney region a tumoi mass, extending down to the pelvic brim, which 
was movable on respiiation, and slightly tendei on palpation There were no marks 
of trauma on the chest or abdominal walls Cystoscopy showed a normal urethra and 
bladder, and bloody urine spuitmg from the light uieteial os The urine from the 
bladder and that from each kidney were essentiall}! alike, showing acid, a heavy trace 
of albumin, no sugai, WBC, some clumps, RBC (more from right kidney), an 
occasional hyaline cast, and a cultuie of a gram-negative bacillus There was no 
temperature elevation Blood N P N 43 Half-hour PSP, intravenous, showed Right, 
12 pel cent, left, 20 per cent From a studj of the inograms I confirmed the diagnosis of 
congenital cystic kidney, and added the diagnosis of probable bilateral ureteral stricture 
A leport fioni Doctor Smith, November 15, 1937, four and one-half years later, 
states “During Februaiy, Maich and April of 1933, I dilated the ureters up to No 
14 Fi I used bulbed catheters and had considerable difficulty especially on the left 
side He continued his mining work, and two months aftei the dilatation was finished 
he seemed to be in fairlj^ good condition, with the exception that he vas haiing some 
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pain and a fcclnig; of fulness over the right kidney His urine was practically clear 
but final cultures were not taken The two enlarged kidneys remained of about the 
same size He was definitely improved after the ureteral dilatation, but on attempting 
to trace him recently one of his friends said he had removed to New York State and 
I failed to leain his address” ’ 

T. ® ^ referred, July 6, 1934, by 

Dr Thomas F Daniels The child had been delivered by Dr William Millea who 
reported a long, slow labor due to enlargement of the child’s abdomen by bilateral 
congenital cystic kidneys The child was large, well nourished, and of good color 
The head seemed somewhat enlarged, and the fontanelles were wide, but the child 
seemed normally alert and bright The transvcise diameter of the upper abdomen 
was much increased by the jn esence of a large, sohd-fecling, nodular mass occupying 
the uppei portion of each flank The mass in the left flank seemed somewhat the 


larger, and its lower pole reached a line halfway between the navel and the symphysis 

Inasmuch as the child seemed in good health, the mother was advised to do nothing 
unless it developed special symptoms At si\ months of age the child was admitted 
to another hospital with the history that he had been in apparently normal health until 
the daj' before admission, when he was suddenly taken with repeated vomiting and 
diarrhea, the stools soon becoming bloody These symptoms persisted until death 48 
hours after onset of the attack Autopsy was not obtained The diagnosis was 
hydrocephalus, congenital cystic kidneys, intussusception of bowels(?) 

Case 9 — Sy)Wpsts Bilatcial congcmtal cystic Kidneys Bilatcial wetcial stnctuic 
Small icnal calculus, left Laigc cyst loiaci pole light Kidney, iiiptuicd and diaincd 
spontaneously aftei fiist visit Subacute colon bacillus pyelitis, uglit, cleaied spontane- 
ously aftei fiist visit, but zvas picsent again on fouitli visit, tliiee yeais latei Clitonic 
pyelitis left kidney, impioved, but colon bacillus pcisists, ptobably due to pt esence of 
calculus Five hospital visits in font ycais, icsulting in gieat gain in zvcight, and piac- 
tical absence of symptoms 

Mrs I S , age 39, seen in consultation with Doctor Everett, September 9, 1934 
Complaint Dysuria, frequency, pain and fulness in right side of abdomen Para two, 
17 and 13 years of age Labors normal and spontaneous, lacerations with first labor 
and the first puerperium complicated b}'^ fever G I No important symptoms P I 
During the last two to three months, occasional brief periods of dysuria and frequency 
Three weeks ago, during an automobile ride, the patient did not find it convenient to 
void for about two hours after she first felt the desire When she did void there was 
considerable pain, and the next day she had rather marked frequency and burning 
She was placed on forced fluids and caprokol, and the bladder symptoms gradually 
abated somewhat, but a few days later there was pain and discomfort in the right side 
of the abdomen and slight fever One week ago, patient was taken to the hospital and 
cystoscoped and a catheter was left in the right ureter for two days This catheter 
IS said to have drained pus, and the pain was somewhat relieved Exploratory operation 
on the right kidney was advised Intravenous uiograms were taken and are said to 
have shown active secretion on both sides , also a definite shadow of stone in the 
kidney, and a shadow vaguely suggestive of a stone m the right kidney 

Physical Examination —Doctor Everett The abdomen was found to be soft and 
flat except for the presence of a large, spherical mass lying in the right upper qua ra , 
and apparently coming from beneath the costal margin and extending bac 
posterior flank and reaching well down to the level of the navel The left i ney 
not felt and tenderness was not elicited m this region There was slight tenderness on 
palpation over each pelvic bum region near the spine Liver and spleen not P® ^ 
Doctor Everett’s further studies led him to the conclusion that the patient la i 
polycystic kidneys, with a subacute colon bacillus pyelitis on the right side and a c i 
colon bacillus pyelitis on the left side 
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With ureteral dilatations at ten-day intervals, accompanied by pelvic lavage with 
noimal salt solution and followed by lavage with a small amount of silver nitrate solu- 
tion I 1,000, the patient made steady impiovement and was dismissed at the end of 
two months 

The patient returned one yeai later m greatly improved general health She re- 
ported occasional slight pain in the region of each kidney, but there were no bladder 
symptoms, and she had not had fever All evidence of infection m the right kidney 
had disappeared but the left kidney still carried a mild colon bacillus infection, probably 
encouraged by the presence of the small stone trapped in an upper calix (Fig 14) 

April, 1936 The patient seemed in such excellent condition in every way that cystos- 
copic examination was not made The cathetenzed bladder urine showed only one or 
two pus cells A two-hour PSP showed Fii st half-hour, 400 cc , 20 per cent , second 



Fig 13 Fig 14 


Fig 13 — Shows a small round stone, about i cm m diameter, in one of the upper calices of the 
left kidney The right kidney appuently contains a large cyst in its lower pole which displaces the 
ureteral catheter mednnward to the midline of the shadow of the lumbai veitebrae Doctor Everett 
thought the piessure of this large c>st on the upper abdominal ureter might have caused the lecent 
acute attack of pyelitis on the light While both ureteis were slightly dilated fiom the kidney to the 
bioad ligament region, he got no “hang” of a wax bulb on the light side until latei treatments had 
reached a dilatation of s 6 Mm, when theie was a ‘hang” of the bulb at 27 cm above the external 
urethral oiifice and another ‘ hang” near the bladdei On the left side the increasing sized bulbs hung 
at 9 cm from the outside, and with the 5 6 Mm bulb there was also a “hang” at 27 cm 

Fig 14 — Shows that the large cyst in the lower pole of the right kidney had drained spontaneously 
and that the ureter was no longer displaced so far medianwaid, and the enlarged calices piescnted a 
vastly different picture 

half-hour, 350 cc , 10 per cent, second hour, 500 cc , 25 per cent, a total of 1,250 cc , 
55 per cent The patient had gained 25 pounds since hei previous visit in September, 
1935 There had been no ureteral dilatations since the first visit, in 1934 

April, 1937 Had apparently been in excellent physical condition, but, for about a 
month, she had been complaining of pain m the left kidney region and had had some 
light chills and fever , there were no bladdei symptoms associated with this attack 
She had been feeling better for the two weeks befoie admission to the hospital Doctor 
Everett found, in the left kidney specimen, 15 to 20 WB C, and there was still a colon 
bacillus infection The half-hour intravenous PSP showed a three-minute appearance 
time, and a 22 per cent secretion fiom each kidney The right kidnej had again picked 
up a mild colon bacillus infection and the mine showed about 5 to 15 W B C Ammonium 
mandelate was given, which seemed to reduce the amount of pus but did not entirely do 
awaj"^ with the colon bacillus, probably because of the stone in the left kidne3 Her 
general condition was so good that Doctor Everett did not attempt fuither ureteral 
dilatations 
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ovenibei, 1938, foui jears aftei the first treatments Patient reported excellent 
health BP 13 ^ 92 , Hh 82 per cent, N P N 28 5 The two-hour int.avenous PSP 
showd a total of 62 pe. cent, 35 per cent m the first half-houi A diffeiential half-hour 
SP showed 20 pci cent fiom each kidney Roentgenograms taken at this time are 
shown m Figuics 15 and 16 


Case 10— Synopsis Bila/rial comjcinM cyshc htdncy Bilatcial uicteial sluctuu 
Svinptoms suggestive of lenal dishit haute since age 14 Diagnosis of floating nght 
liducv at age 24 Diagnosis of cystic Lidiuys and nntcial stnctuic at age ^4 

Miss S G, age 34, icferied, September 12, 1934, b^ Dr Heibeit Traut, who had 
made a taiefiil investigation at the New Yoik Hospital, and concluded that the patient 
had hypertension, reduced lenal function, nitiogeiious retention, and bilateral hydro- 
nephrosis, “all piobablv associated with bilateial ineteial strictuie” Some of Doctor 
Train’s findings were as follow's Uinie fioin bladder a few RBC , Hb 100 per cent, 



Tic 15 Tic j6 

Fig 15 — Case 9 Shows a relatue inirowinj; of the neht uretei just below the pehi ureteral 
junction and a slight dilatation of the ureter in the broad ligament region down to the ureteral os 
(comjiare Fig 13) , 

Fig 16 — Case 9 Shows the tinj c di\ with nairow neck deiiending from the uppei group ot 
clubbed calices Other films have shown that the calculus resides in this tinj cah\ with the catlieter 
withdrawn until its tip is just within the uieteral os, there is seen good filling of the ^ ''',1 

moderate dilatation of the left ureter and areas of comparative narrowing opposite the third and 0 
lumbar interspaces, and a filling defect in the broad ligament region 

W B C 10,250 , blood chemistry sugar 77, COj comb power 56, chlorides 469, N P N 
45 8 Of two half-hour intravenous P S P ’s, the second, and higher one, show'ed 

Ap T Amt Per Cent 

Right kidney (ccith ) 4 mm 190 cc 18 

Left kidney (blad ) 6 min 120 cc 10 

Doctor Traut forwarded uiograms of each side to me, from which I concluded that 
the vertical spread of the pelves, and splayed character of some of the calices, strong v 
suggested congenital cystic kidney Some of the points in the patient s history sug 
gesting the probability of renal disease, and especially of ureteral stricture, were as 
follows The menstrual periods began at age 18, but for four years before tie onse, 
there had been monthly attacks of extremely severe headaches, dizziness nausea 
vomiting confining the patient in bed three or four dajs The menses lave 
the 28-day type, with about seven days of free flow Not incapacitated from wor 
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this time but always has headache, and pain in the right ovarian region and acioss the 
lumbal legions 

The first attack, directly pointing to renal trouble, occurred ii yeais ago, with a 
sudden “kidney colic” on the left side accompanied by tenesmus and frequency and the 
passage of blood The seveie symptoms lasted onb”^ about one houi but she was in 
bed for one w'eek Ten j^ears ago, had a similai attack of “kidney colic” on the right 
side, togethei with hematuiia Was in bed tw^o w'eeks, and then had tw'O cystoscopic 
investigations, and was told that the iigiit kidne3'^ w^as enlarged and floating and func- 
tioning pooil}'’ The two catheterizations seemed to lesult in definite relief, and the 
jiatient has since w'oiii an abdominal suppoitei and slept wath the foot of hei bed 
elevated eight inches She has ahvays had some discomfoit m the light side since this 
attack ten jeais ago, but has not been incapacitated except w’lth an occasional severe 
attack One of these occuned eight cears ago, when tw'O ureteial catheteiizations 
seemed to lesult in consideiable lelief An attack five rears ago w'as accompanied bv 
hematuria and at that time it was found she had hypertension Since then she has 

Fig I? Fig iS 



I ic 17 — Csse 10 Note dome like loitndmg off of the lower calices hj a large cyst in lowei vole 
Fig 18 — Case 10 Note splayed chaiactei of cahees Multiple filling defects in left ureter 

followed a low^ protein diet The intermittent attacks of severe pain and hematuria 
without evidence of stone w^eie most suggestive of the presence of ureteral strictuie, 
and even more suggestive of this condition was the fact that the patient had experi- 
enced definite impiovement in hei condition immediately aftei the use of plain catheters 
in several investigations She had been so much lelieved by Doctoi Traut’s recent 
investigations, using the plain No 7 cathetei twuce on either side, that she rvas in no 
hurry to have me undertake fuithei treatment Foi the three or foui 3 ears piecedmg 
her fiist ureteral investigations, ten lears previousl3% she had had considerable frequency 
of voiding, alwa3^s arising foui to five times at night Since these first catheter in- 
vestigations, the nightly voiding has been onl3' once, and she has not been bothered 
w'lth diurnal frequenc3'’ except wdien she has an occasional “cold ” 

The patient had severe diphtheria at age 5, and w'as said to have had a tonsillectomy 
at that time She had enlarged cervical nodes as a schoolgirl, but has had no histor3" 
of tonsillitis The tonsils are distinctb' small and embedded, and, because of the occa- 
sional ledness occurring about the faucial pillars, I have had them under suspicion as 
a possible cause of the resistance her ureteral strictures have shown to remain per- 
manentl3 dilated 
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III addition to the above symptoms pomtm^r more directly to the urinary tract her 
chief complaints recently have been as follows For perhaps the past six years she’ee 
up daily with a severe headache, usually occipital, at times frontal Has worn glasses 
20 years, last changed two years ago Always backache with the menstrual period 
and for the past five or six years has usually had a backache when she fiist arises 
in the morning This is always worse m the right upper quadrant, at times some 
aching in the left upper quadrant Both the headache and the backache usually disappear 
after she has been busy a few hours At times some nausea and dizziness Digestion 
good Bowels regular At times, when very active, she develops temporary swelling 
of the feet and ankles 


Physical Exavunation — The left kidney was found to fill the left upper flank, its 
lower pole almost reached the transumbilical line, and on deep breathing descended below 
this level The right kidnev filled the right midflank Its lower pole rested on a line 
below the level of the navel, and on deep breathing it descended to a level 5 cm below 
that of the navel One could apparently pass the abdominal hand above its upper pole 
In its lower third a fairly large nodule projected on its anterior surface, probablj 
causing the dome-like rounding-off of the lower cahees, and the median displacement 
of the right ureter (Fig ry) The patient has four or five dense stricture areas m 
each ureter (Figs 17 and 18), and, during the past four years, there has been no 
rest interval between dilatations longer than six months We have found that, for 
reasonable comfort, the dilatations must be kept above a No 15 Fr After a few 
weeks or months of comparative comfort, the patient again returned with an exag- 
geration of some of her symptoms, and vve began dilatations with bulbs of No 15 Fr 
size, and on a second pair of treatments vve used No 16 Fr and, if the wax bulbs do 
not mold down, we use a No 17 Fr on the third pair of treatments If the No 16 
Fr bulb molds to a slightly smaller diameter, the subsequent treatments are done with 
a No 16 Fr bulb until this passes without molding, when we step up to a No 17 Fr 
From October I2, 1934, to June 3, 1935, the patient had six pairs of treatments m order 
to reach a No 17 Fr dilatation In Januarj, 1935, when vve had reached a No 15 
Fr dilatation, we took a half-hour intravenous PSP, which showed 



Ap T 

Amt 

Per Cent 

Right kidney (cath ) 

2 min 

50 cc 

30 

Left kidney (blad ) 

12 mm 

30 cc 

20 


This shows a satisfactory improvement over Doctor Traut’s test made five months 
previousl}”^, and registered above Our two-hour PSP made in January, X935, showed 
30 min , 225 cc , 25 per cent , 60 min , 200 cc , 15 per cent, second hour, 250 cc , 10 per cent 
I think that of all our patients on whom vve have had an opportunity to follow 
the treatments systematically, this patient has had the most regular follow-up and the 
highest dilatation, but has showm the least satisfactory results In spite of this, the 
patient has been able to carry on with regular housekeeping, and as a half-time secretary 
and stenographer, and I think Dr Traut, who has followed her progress closely, feels, 
as I do, that without the ureteral dilatations the patient would not be living to-day 

Case II — Mrs E H, age 54, was admitted to the hospital. May 6, 1935) ui ap- 
parent extremis, with shortness of breath and general anasarca One child 35 years 0 
age Patient first discovered a lump in her right flank soon after this child was born 
A lump was discovered in the left flank ii years ago, soon after an operation for in- 
testinal obstruction Has worked hard all her life up to two months ago, w en le 
abdominal masses seemed to be getting larger, the edema, which had beai ' 

increased and became constant, and theie has been increasing shortness of hreatn 
have been no bladder symptoms, and patient has not complained of headache or 
Her mentality, considering her general condition, is remarkably alert f 
months, her appetite has been poor and there has been considerable nausea and vomit g 
For two months, the bowels have been loose 
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Physical Examinahon — There seemed to be general edema, most marked over the 
hands and feet, and about the perineum The flanks were distended by unusually large 
masses coming fiom beneath the costal margin and extending down to the pelvic brim 
These weie sohd-feehng, nodular over the surface, and apparently movable, not tender 
Evidence of ascites was not positive BP 115/80, Hb 68 per cent, WBC 8,000, 
blood chemistry NPN 156 mg per cent, Wasseimann negative, two-hour PSP 
100 cc , color insufficient to be read May 10, 1935 NPN 208 mg per cent, urine, 
acid, sugar 0, albumin - 1 -+, occasional WBC and R B C , casts 0, diacetic, negative 
The patient died on her fourth day in the hospital 

Autopsy — No 14,209 Revealed immense polycystic kidneys, together weighing 14 
pounds There were diffuse sclerosis of the aoita and coronary arteries, cardiac hyper- 
trophy and dilatation, chronic passive congestion of the lungs, cholelithiasis, edema and 
ascites There had been no opportunity to examine the ureters clinically The post- 
mortem notes on the upper drainage tract were as follows “The pelves are greatly 
distorted and open out abruptly into large cyst-hke spaces Near the junction of each 
pelvis with the ureter, howevei, the pelvis on each side shows a more or less normal 
morphology with a pale, smooth, white lining The pelvis on one side, from the cahces 
at one pole to those on the other, measures 13 cm It is distorted by pressure of the 
cysts rather than distended The ureters are small and thin and seem to be practically 
normal ” Blocks were not taken from the ureters and these organs were not saved 

Case 12 — Synopsis Patent ductus attciiosns Bilateial congemlal cystic kidney 
Btlateial nieteial stuctme F01 many yeais symptoms of headache, backache, gastio- 
mtestmal dtshti bailees, mild bladdei symptoms, but patient led an active, useful life until 
the past tliiee yeais Family Instoiy suggestive of lenal disease Tluee yeais of maiked 
impiovemeni aftei inadequate nieteial dilatation 

In October, 1935, I received the following letter from Dr Samuel Weisman, of 
Parsons, W Va “Mrs V T , of this city, has consulted me complaining of general 

malaise and lassitude for the past three years Her past history reveals tliat she was 

admitted to a local hospital about two years ago for a cardiac lesion which has since 
improved Her general condition, however, has remained the same, and, on exam- 
ination, I And that she has a large, irregularly shaped mass in each side of the abdomen 
On caieful palpation the surfaces of these masses appear to be studded with variously 
shaped nodules The mass on the left seems to be the larger one Both move with 
respiration They are not tender Unfortunately, theie is no way of telling whether 

these masses were present on her previous hospital sojourn, as theie was no record of 

any abdominal examination, and the patient does not recall any discussion of these 
masses ” 

The patient was admitted to the hospital, October 23, 193S, at which time we 
added the notes summarized in the synopsis recorded above The suggestive family 
history was as follows Patient’s mother and an older brother and sister all have died 

of apoplexy during the past five years A younger sister is now having occasional 

dilatation of ureteral strictuie by Dr H D Furniss, of New York City (Seeing 
this last statement while compiling this paper, I wrote Dr Furniss, asking whether 
this younger sister showed evidences of congenital cystic kidney He replied that the 
patient had been referred to him soon after she had been operated upon for chronic 

appendicitis and gallstones The patient’s former surgeon repoited that he had pal- 

pated the right kidney during the operation and found it to be one and one-half times 
the normal size, but that it seemed smooth in contour Doctor Furniss kindly sent 
me prints of his urograms, and while these are not at all positive, they are suggestive 
of congenital cystic kidneys 

Physical Examinatwii — In addition to veiifjing Doctor Weisman’s description of 
the conditions found in the abdomen, we could palpate the edge of a laige, haid spleen 
There had been no history of typhoid or malaria B P 160/90, Hb 60 per cent, W B C 
7,500, two-hour PSP 30 min, 550 cc , 28 per cent, first hour, 250 cc , 15 per cent, 
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second horn, 300 cc , 10 pc, cent, total r.ioo cc, 53 per cent N P N 
suRa, no, Wasseiniann negative Cathetenzed bladder mine Specific ^ 1 '"' 
aerd, trace all,,,,™,, culutre negattve Dr Ben, am,,, EaUr .nlerpreled ,l« hear, 1 '' 
dition as due to a patent ductus aitenosus and probable nuld aortic coarctation 



P’c ig Pic 20 


] 10 ig SliOH s til) of ndiapiciue catheter at about brim of the pelvis aftei its partial withdrawal 
iron, the previous lui,b position In other words it had been stopped ptrnnnentl> at a point about 
opposite the fourth lumbar triusverse process where one sets a narrow area and i lateral deviation 
of the ureter Patient complained of colickv piin referred to the bladder when onlj 4 5 cc of Xal had 
been in;ected bj 18 inch i,ravitj pressure The orit,ind film shows reflu\ of Kal below the catheter tip 
down to in area a few centimeters below the pelvic brim, and another slight dilatation of the lumen 111 
the region of the broid ligament 

Note the failure of the Nil solution to icacli be}ond an apparent funnel like pelvi ureteral junc 
tion rills failure to fill the upper ibdomiml ureter miv have been due to spasm to narimv areas in 
the upper ureter 01 to lateial pressure b> the large mass The No ii I'r bulb had a definite ‘hang’ 
at 12 cm from the external urethra and again in the broad ligament region Note rudimentarv 12th 
ribs dense shadow filling left flink, and shadow of descending colon displaced laterallj 

Pu 20 — Shows a uiogrim taken ten dajs aftci I'lgure ig Ihe No 10 bougie with s cm tapering 
tip enters the left side with considerable obstruction in the upper ureter, the patient complaining 
unusuallj much of pain 111 tlic upper tlaiik and extending down to the groin and to the knee A No 8 
whistle tip catheter with a No 10 Fr liulb placed near the tip then meets in obstruction to the tip or the 
distal shoulder of the bulb when the tip has entered 27 cm above the external urethra Anuri i for about 
one minute then the catheter is drawn down about 13 cm until the bulb hangs’ in an area about ii 
cm from the outside Then practicall> normal spurts of a slightly bloody urine The urogram shows 
slight dilatation of the ureter from the position of the bulb in the broad ligament to a relative narrowing 
opposite the fourth lumbar vertebra Just above this apparent filling defect there is a double shadow 
suggesting extravasation but this irregular shadow is prob ibly due to tetanv of the ileopsoas muscle, 
for we see above a fairlj good filling of the upper ureter ind the pelvis and calices suggesting the pic 
ture of a congenital evstic kidnej The unusual amount of pain experienced when the No 10 bougie 
suddtnlj passed an obstruction in the upper uretei, suggested a splitting of the walls of a high stric 
ture area, and the patient had an unusual amount of pun and soreness in the left flank for five days 
after this examination although the temper iture rose only slightly above gg° F These facts later led me 
to believe that the urogram shows an extrav isation lather than a blurring of the ureteral shadow by 
spastic contractions of the ileopsoas (In general when gradually dilating high stricture I believe it 
safer to depend on the use of dilating bougies but experience has taught that one can split a stricture 
area with the dilating bougie and extreme care must be exercised even when using the bougie with its 
filiform tip leachiiig full sire s cm back of the tip) Ten davs Intel a No 11 bougie was, passed 35 
cm without undue resistance and vv itliout siibseouent leaction 


Cysioscopic Examination revealed a much nai lowed, infiltrated uiethra, the bladdei 
mucosa normal, the trigonum congested, right ureteral orifice very small, secreting 
freely, left orifice m a red area, not seen, found with curved metal searcher, very small 
A No 9 bougie with 5 cm graduated tip enters left side 35 cm , considerable obstruc- 
tion throughout its passage, and definite drag on withdrawal Bleeding from orifice 
and free spurts of urine No spurts seen before dilating Then a No 7 vhistle-tip 
radiopaque catheter carrying v\ax bulb of size No ii Fr placed near the tip The 
catheter obstiucts permanently in about the midportion of the abdominal ureter Anuria 
about one minute, then the catheter withdrawn about 10 cm , when a normal flow begins 
m peristaltic waves (Fig 19) 
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111 spite of oui uiging that she lemain until we could establish a No 14 01 15 Fr 
dilatation, the patient became homesick and left after three weeks of hospital treatment 
The hemoglobin had risen from 60 to 70 pei cent and the patient appealed gieatlj 
impi oved 

A recent lettei fiom her, three 3 ears aftei what we coiisideied inadequate uieteral 
tieatment, shows that she has gone far beyond our e\pectations m her recovery from a 
condition of practically bed-ndden invalidism 

Case 13 — Svuop^ts Pt eopoatwc diagnosis Ttiiiioi of left lidiuy Untcial siiic- 
fiiic multiple, left Hvdi onepJii osis slight bilateial Spina bifida occiilta Opciation — 
Exploiatoiv ccliotoiiiv Iiemig of omental adhesions Opeiative pathology Congenital 
ivstiL kidney, bilateial omental adhesions (foimei opnations) , multiple lysts of livei 
Postopei atwe tieatment Intel niittmt iiietiial dilatations up to a ‘j Aim (Alo /j Ft ) 
foi tzoo yeais follozving opeiation Mailed impi ovement in genet al health, but aftci a 
fezv zvcelis of ozwi exei tion sudden diath due to ceiebial henwi ihage 



I'lc 21 Tic 22 

Fig 21 — Shows i iiiogimi liken dunng patients second tieitnient of the light side The Nos lo 
md 12 bougies weie hrst passed meeting resistance in the lowei meter nid diiggnig considerably on 
withdiawal The No 8 pointed tip radiopaque catheter with spiral wax tip and \o 13 Fr bulb near 
the tip, then passed with definite obstuiction to the hiilb in the lowei uretei Free flow slightl> blood 
tinged urine Right kidnej takes slowl> 10 cc nupercaine without discomfort fins retained until 
patient reached roentgenologist The low position of a large light ktdnej is cleaiH seen The radiopaque 
catheter is well over in a lowei median calix Instillation of 18 cc Nal Right pelvis moderatel) 
dilated Calices consideialily dilated and spread out in a manner characteristic of congenital cjstic 
kidney Noima! funnel like peUiureteial opening Reflux of Nal beside catheter to an area opposite 
the fourth lumbar vertebia Moderate deviation of cathetei toward spine 

Fig 22 — Shows catheter vvithdiavvn until the bulb ‘hangs” at 13 cm from external urethra 
Slight dilatation of uppei uretei down to this area Slight reflux of Nal around catheter in midpelv ic 
portion of ureter The 4 3 Mm (No 13 Fr ) bulb ‘hung at 13 cm and in one lower area 

Mrs E P, age 38, vas admitted to the iiospital, January 9, 1936 Married 17 
3eais, paia two, ages 12 and eight years Stormy pregnancies, “due to nephritis and 
h3'pei tension ” Si\ 3’’ears ago a theiapeutic aboition, followed one A'ear later by ab- 
dominal opeiation foi steiilization Eleven 3 ears ago, first abdominal operation for 
Gilliam suspension and appendicectomy Before opeiation at that time, the right kidney 
was palpable and the urine was negative For manv 3 ears had had hypertension the 
s3Stolic piessure being 230 at one time Theie has been considerable headache and 
much mental depiession Edema of the ankles if active on her feet Has alwavs had 
rathei severe d3 smenorrhea and pain m the lumbar 1 egion dunng menses these S3 mptoms 
not improving aftei childbeaimg iluch gastro-mtestmal disturbance often accom- 
panied b3 a “dollar spot” of rathei seveic pain located just to the left of the navel For 
two 3'eais past, patient lias noticed that, ioWownig the evening meal, the left side of 
the abdomen was markedly fullei than the right Two months befoie admission, the 
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patient had a severe left renal colic The pain m the left costovertebral angle remained 

The^off t l unimportant except as relating to the urinarv tract 

The left k dney seemed to be prolapsed and considerably enlarged The lower pole 
reached a line about 5 cm below the transumbihcal line The upper pole apparemiy 
could be outlined by deep bimanual palpation high up beneath the costal margm The 
main portion of the renal mass seemed to he beneath the rectus muscle and the median 
order lay along the midhne There was some tenderness on palpation of the upper 
third of the mass The light kidney apparently could be completely outlined It seemid 



Fro 23 Fig 24 Tic 25 


Fio 23 — Slious the cnthetcr tip apparently in a lower cali\ Upper middle and lower calices 
somewhat dilated and cluhhed Renal cortex shadow apparently contiinioiis downward into the sliadow 
of a large mass filling the left flank and reaching to the crest of the ilium About 4 cm below the 
lower cali\ is an oyal shadow, about 3x13 Mm resting on the midportion of the mass shadow in the 
flank No evidence of Nal connecting the lower calix with the shadow lying oyer the mass ^o 

definite shadow of the renal pehis but the calix shadows suggest a trifid type of kidney, m winch case 

one would expect the pehis to be small No reflux beside the catheter doivn the ureter The right 
lower flank appears filled by a dense shadow, and riding over this is the gas shadow of the hepatic 
flexure and of the deseending limb of a prolapsed transverse colon The ascending limb of the trans 
verse colon on the left is appaicntly crowded toward the spine by the mass in the left flank 

Fig 24 — Is taken with the catheter yvithdrawn until the bulb “hangs” m an area at about the 
region of the hypogastric node and the tip is resting at about the pehic brim There is slight reflux 

of the Nal to the level of the bulb and the abdominal spindle is of about normal diameter Beside the 

fourth lumbar vertebra and the lower edge of the third, the ureteral lumen is very narrow The 
upper end of the ureter widens slightly to merge with the pelvi ureteral junction, which is indistinctly 
outlined On Xvithdrawal of the catheter we noted tint “it came down about five centimeters and then 
the bulb (scant No ii Fr ‘hung’ fairly firmly over a long diffuse area m about tne midabdominal 

ureter ” u i i a 

Fro 2$ — Intravenous uiogram The ten minute exposure shows active functions in both Kidneys 
the normal sized bladder being well outlined In the left flank, there is seen the group of three 
clubbed calix cups, apparently representing the upper and middle cabces, and at some distance 
these an indistinct shadow representing a pair of dilated lower cabx cups Still lower and to the lett 
of the third lumbar vertebra is a small shadow probably repiesenting the lowermost separate calix 
seen in Fig 24, and in one of the intravenous films this was seen to be connected with the pelvis hy a 
thin spider leg primary calix The right pelvis with its moderately dilated calices is setter outline 
The No 9 bulb had no “hang” on the first investigation of the right side, but 'with the dehnite 
demonstration of multiple stiicture in the left ureter, vve felt that the presence of moderate nyoron 
phrosis on the right side would, with the use of 1 larger bulb, be found to be due to stricture L 0 
spina bifida occulta of the fifth lumbar vertebra 


of normal or slightly enlarged size, in second degree descensus, rather firm, and some- 
what tender over its upper third The ureters were tender on palpation at the pelvic 
brim and in the broad ligament regions BP 154/92, Hb 64 per cent, WBC 6,240, 

blood sugar 69 mg per 100 cc, N P N 454 mg per 100 cc Urine, acid, specific gravity 

1,018, faint trace albumin , two W B C , no R B C , no casts Two-hour PSP First 

hour, 250 cc, 40 per cent, second hour, 500 cc, 15 per cent 

Cystoscopic Evammatton — Urethra generally infiltrated, dilates with some difficutj 
to No 9 Fr, No 8 Kelly cystoscope, bladder normal, tngonum and ureteral on ce 
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regions moderately red and vascular The left ureter was catheterized with a No 7 
whistle-tip radiopaque catheter prepared with a scant 36 Mm (No ii Fr ) bulb near 
the tip There was obstiuction to the tip, or bulb, in the bioad ligament region and 
again near the kidney A fiee flow of clear looking urine which showed microscopically 
a few epithelial cells, and proved negative on a slant agar culture A half-hour in- 
ti avenous PSP showed 



Ap T 

Amt 

Per Cent 


Left kidney (cath ) 

5 min 

55 cc 

8 


Right kidney (blad ) 

5 min 

105 cc 

22 


Opeiahon — January 16, 1936 

Tentative Diagnosis 

Tumor of the left kidney 

Be- 

cause of the uncertainty of the diagnosis, an exploratory 

incision was made thiough the 

left lectus muscle This revealed 

a large polycystic left kidney 

On exploring 

the 


right kidney it was found to be slightly larger than normal, and nodular with multiple 
cysts Several nodules weie felt on the inferior surface of the liver near the cystic 
duct and one nodule on the lower edge of the liver appeared like a retention cyst The 
cecum was considerably dilated The transveise colon was prolapsed and on exploring 
the pelvis a dense band of adhesions was found attached to the previously suspended 
uterus This band spread out fan-wise to form a veiy small omentum It was ligated 
and severed from the uterus, thus freeing the omentum and transverse colon On moie 
careful exploration of the left kidney, the upper pole, while still retaining a faiily 
normal outline, was found to contain many fairly large cysts It was, therefore, decided 
not to resect the larger lower pole, and the abdomen was closed, in the hope that the 
patient might be benefited by later ureteral dilatations The patient developed a post- 
operative pyelitis on the left side, but the fever subsided completely on the sixth day 
Befoie operation, the urine from the bladder and from each kidney had been negative 
to culture Befoie the patient was discharged, each ureter was dilated on two occa- 
sions up to a No 12 Fr bulb Multiple stricture existed on either side, the highest 
stricture on the left being 25 cm and on the right 23 cm from the external uiethral 
orifice On each dilatation, colon bacilli weie grown from the left kidney and culture 
fiom the right kidney was negative ' 

The patient was discharged 43 days after operation Ten weeks later she reported 
that she developed pain on the right side together with fever, and a few weeks later 
had a similai attack on the left side Theie had been a gam of six pounds in weight 
The old pain in the left kidney region was piesent at times, but there had been no 
severe attacks except the one accompanied by fever She had been on her feet a great 
deal for the past month and frequently developed swelling of the ankles 

Dilatations were carried on for two years at intervals of one to six months, finally 
reaching a No 15 Fr on each side On March 10, 1937, 15 months after operation, 
her repoit of progress contained the estimate “I feel 1,000 per cent better than for 
seveial years before operation” Her gam in weight had been from 117 to 130 pounds 
The menstrual periods, foi many years accompanied with severe pelvic and lumbar pains, 
and not relieved after childbearing, now seldom gave trouble Her last treatment was 
m June, 1937 

Early m January, 193S, two years after operation, the patient reported that she 
was having a good deal of headache, backache, gastro-mtestinal distress and swelling 
of the ankles She lived with her two daughters in a third-floor flat, and in making 
merry during the holidays there had been much extra stair-chmbing and other household 
duties I advised that she spend as much time as possible during the succeeding week 
resting in bed, and then if not greatly improved to return for further treatments A 
week later a cerebral hemorrhage occurred, followed by death m a local hospital two 
days later I had arranged for an autopsy to include the entire urinary tract, but the 

255 



guy l hunner 

Case i4-S,,io/,m Ilnl,', v ,>I iilliuU of p«:„ in ;,/( //„nj /,„ „„„ „„„ 

c,,u, ,„c,a„l CalcL Ml Za T 

lirallli to (late 20 tnnnlln afici ticalniciit 

Mis M M age 34, was admitted to tlic hospital, January 10, 1937 One child 
age 4, living and well Menstrual history normal P I Patient has had three attacks 
o pain in the left side the first, nine years ago, the second, three months ago the third 
hree weeks ago Each attack came on suddenh, with severe pain beginning ni the left 
lower abdomen and extending upward and back to the posterior flank The pain has nol 
extended downward to the perineum or thigh, but with each attack there has been 
a constant desire to void No hematuria seen Each attack has persisted for several 



Fig 26 Fig 27 


Fir 26 — Case 14 Right urognm showiii}, bifid ijpeof kidiiej with peKis simller tlnn normal hut 
with diKted prinnrj cilices ntul nthtr ch incteristic splised t>pe of secondiri cilices Note calculus 
III left ureter opposite spine of ischium 

Fig 27 — Case 14 Bifid tjpc of left pehis which is snnller tlnn norm il Dilated splijed sec 
olidirj cilices Instill itioii of i s cc of Xil rcniindcd pitient of her former attacks of pun This 
I oenteenogrim was taken with he id of the t dilc lowered 45° because the film immediately preceding this 
showed no filling of the abdominal jiortioii of the ureter — still absence of filling, possiblj due to lateral 
pressure of the large renal mass Shadow of stone not seen, probabl> covered by the bladder shadow 


liours until lelieved by hypodermics or oral medication Has had nausea and vomiting 
with each attack Has always enj03'ed a good appetite, but for the past two years 
there has been considerable eructation of gas and a sense of fulness across the upper 
abdomen 

Physical Exainiiiaiioii — The abdomen is flat and appears normal, but palpation re- 
veals a laige movable mass in either flank The mass in the left flank descends to a 
point about 5 cm below the transumbilical line, and the inner border of its lower pole 
reaches almost to the midline The upper pole cannot be identified beneath the costal 
border The surface seems smooth, and there is slight tenderness on bimanual pressure 
The mass in the right flank is slightly smaller, its lower pole descending to a line 2 cm 
below the transumbilical line, and its median border leaches almost to the midlme at a 
point 2 cm above the navel The uppei pole cannot be outlined The ureteral regions 
are tender at the pelvic brim No desire to void on pressure The outlet and pelvic 
organs seem normal The left ureter can be palpated in the broad ligament region, and 
on high palpation one apparently outlines a stone about the size of a navy bean Th- 
right ureter is not palpable Pressure ovei each ureter causes an urgent desire to 
void Urine negative Hb 96 per cent, WBC 8,200, Wassermann negative, NP 
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29, two-houi PSP Fust half-houi, 175 cc , 10 pei cent, second half-lionr, 150 cc , 
15 pel cent, second houi, 500 cc , 20 per cent, total 45 per cent 

Cvstoscopic Examination — ^The urethra was infiltrated and was dilated to a No 0 
Hegar with difiiciilty The bladder, trigonum and ureteral orifice regions appeared 
normal Free spurting of urine from both sides On the first attempt to dilate the 
left ureter, we could not pass even a fine whalebone filiform farthei than 3 to 4 cm 
Seeing the patient at monthly intervals for three times, we finally dilated each side to a 
No 14 Fr On Alarch 16, 1937, aftei passing dilating bougies to a No 14 Fr on the 
left side, we intioduced the alligatoi forceps and grasped the stone, situated about 5 cm 
above the bladdei, and removed it Just before this operation the two-hour PSP 
showed First half-houi, 200 cc , 35 per cent, second half-hour, 240 cc , 15 pei cent, 
second hour, 205 cc , 10 per cent , total 60 per cent 

On writing this patient a year latei to remind her of the importance of a follow-up 
study to make certain hei ureters were draining freelj^ she replied that she was 
expecting her second child within ten days, and that she had had no headache and no 
backache since her treatments and her physician assured her there had not been a trace 
of albumin duimg the pregnancy Writing her during the preparation of this paper, 
neaily two years after the treatment, elicits the reply “I hope to get down m May or 
June I had my baby last March, a boy, and he is the picture of health I had a verj^ 
easy delivery and have felt fine since I came home fioin the hospital My urine was 
normal at that time, and I have not been examined since I have had no further pain 
in eithei side, and no bladder symptoms of any kind ” 

Summary of Results — In the 14 cases lepoited, the diagnosis of con- 
genital cystic kidney was fiist made at operation in Cases 5, 6 and 13, all of 
these having had the piobable diagnosis of lenal tiimoi 

The diagnosis was fiist made by autopsy on Cases 2 and 4 Autopsy was 
obtained on three otheis. Cases i, ii and 13, thus confirming the diagnosis 
already made 

In Case 8, the three weeks old boy, the diagnosis had been made by the 
obstetiician and the pediatrician on the presence of extremely large nodulai 
masses m either flank 

The diagnosis was made solely on the piesence of bilateial abdominal 
masses and the characteristic urograms m Cases 3, 7, 9, 10, 12 and 14 

Opportunity to investigate foi the presence of ureteial stricture was ob- 
tained mil cases (in all except Cases 4, 8 and ii) and stricture was diagnosed 
in ten cases In another patient (Case 3) with inteistitial cystitis, we found 
dilatation of the meters which we attributed to the infiltration of the bladder 
walls It may be of significance that in this case the ui eters wei e moi e widely 
dilated than m any other member of the group 

Of the ten cases leceiving either adequate 01 inadequate dilatation of the 
uieteis, the following is a brief summaiy 

Case I died 17 years after dilatation was begun, and aftei 16 years of 
faiily good health 

Case 3 Inteistitial ui etei ovesical thickening One month of dilatations 
Maiked impiovement 111 health Death three months later 

Cases 5 and 6 Each in remarkably good health six years, to date 
Case 7 Continued work as a minei for about one year, then moved to 
anothei state and observation ceased 
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Case 9 Excellent health to date, four years 

Case 10 Fair health to date, four yeais 

Case 12 Such dense sti ictui es that treatment for three weeks earned dilata 
tions to only No 13 Fr on ught side and No ii Fr on left side Practically 
bed-iidclen for three yeais before treatment, and, in view of her congenital 
heart lesion, has been much too active m the three years since 

Case 13 Fairly good health foi two years, then death from cerebral hemor- 
rhage 

Case 14 Uneventful deliveiy of child one year after treatment and in ex- 
cellent health to date, eight months after deliveiy 

In seeking to estimate the value of this method of treatment, fortunately 
we are not entirely dependent on the patient’s subjective response, but have, 
m addition, the objective evidence furnished by our repeated clinical studies 
If there is marked anemia, this usually improves rapidly with the patient’s 
improvement in general health If there is hypei tension, we observe a varia- 
tion m response, as we do in dealing with ureteral stricture in general In 
some patients with hypei tension, the restoration of better renal drainage 
through the method of dilating ureteral stnctuie results in a decided and 
permanent decrease of the tension as long as the better ureteral drainage is 
maintained In others, theie is little or no decrease m the hypertension If 
the patient with cystic kidney has blood nitrogen retention, this usually im- 
pioves piomptly on the establishment of better lenal drainage If the renal 
function, as indicated by the two-hour intravenous PSP, is subnormal, 
it usually increases as the ureteial drainage improves If a pyelitis exists, it 
may clear up completely with no other treatment than the establishment of 
better drainage Naturally, in dealing with these extremely malfoimed pelves, 
we are sui prised when the ureteral dilatation, m a case with infection, results 
III a urine negative to culture , but in those instances m which the infection 
fails to clear completely, theie is often restoration to such good drainage that 
the patient has no symptoms directly attributable to the continued presence 
of bacteria 


CONCLUSIONS 

(1) Medical and hygienic treatment is helpful in many cases in relieving 
symptoms more or less characteristic of Bright’s disease 

(2) Surgery offers the only hope of relief when certain secondary emer- 
gency complications arise Inasmuch as the cystic disease is practically always 
bilateral, necessary surgery should aim at the conservation of all renal tissue 
that promises to recover If preliminary examination reveals signs of malig- 
nant tumor or tuberculosis of one kidney, one should hesitate about operation 
unless careful tests show that the remaining kidney has fair promise of sus- 
taining life 

(3) Evidence has been presented suggesting that many of these patients 
have bilateral ureteral sti icture, and that in such cases, through simple ureteral 
drainage, we may obtain more prompt and more prolonged relief than pre- 
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viously has been thought possible This calls foi the earliest possible diagnosis 
in all suspected cases, and if strictuie be present, we should establish the 
level of dilatation at which the individual patient seems to do best, and follow 
the patient at inteivals, for years if necessaiy, to keep the meters at then 
optimum of diamage 

(4) While this disease is of congenital origin, we know that some of its 
victims, without tieatment, live to a iipe old age m the enjoyment of ap- 
paiently good physical and mental health, and sometimes a diagnosis is made 
only at the autopsy table Such facts should detei us fiom overenthusiastic 
claims concerning the value of any line of tieatment Hon ever, one cannot 
study the case histones piesented above without concluding that the ureteral 
drainage methods have been of decided benefit in those cases where given ade- 
quate trial 
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Discussion — Dr R H Crawford (Rutherfordton, N C ) I am happy 
to obtain fiom Doctoi Hunner, help m this type of case Eighteen years ago 
we began the study of a family — intelligent people Avho could give an excellent 
history concerning themselves Appaiently the condition followed through 
four geneiations The fiist two, we had to take fiom the history given us 
In the lemaming two geneiations we saw the majority of the patients 

In the fouith generation theie were ten children One died of typhoid at 
13 years of age, but I saw and examined the lemammg nine They all had 
tumoi s — I thought one had escaped, but he now has tAvo tumor masses meeting 
in the midline Each of them has lived to betAveen 30 and 45 yeais of age 
A A'ery inteiesting part of the study, AAdiich is still in progress, and I hope 
to be able to give it in detail eventually, is the fifth generation Some of the 
children have congenital cystic kidneys In the thud geneiation, hematuiia 
seemed to be the piincipal symptom, although toAvard the end they had a 
typical Blight’s disease The striking thing is that these large tumors Avere 
present Avithout much discomfort One patient had cariied-on for a number 
of years as a teacher in a boys’ school He died at about the age of 40 
Anothei, a dentist, had tAA^o tumoi s, and kept up his Avork until his death at 
45 I think he lived longei than any of the nine I hope to complete the 
study this yeai if Ave can get the children Avorked-up 
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EARLY RECOGNITION OF SHOCK AND ITS DIFFERENTIATION 

FROM HEMORRHAGE 

Virgil H Moon 

PiiiLADrrpniA, Pi 

A REVIEW of hypotheses conceiving shock, of the facts which invalidate 
many of them, of the associated physiologic distuibances, and of recent mter- 
pietations lesultmg from a revision of experimental methods, will not be 
attempted here Those interested m the author’s analysis of the origin, 
mechanism and pathology of shock are refeired to recent publications ^ 

A combination of evidence, fiom the fields of capillary physiology and of 
experimental pathology, indicates that diverse injurious agents and conditions 
exert harmful effects upon the capillaries , that any type of injury to capillaries 
causes the endothelium to become abnoimally permeable to blood plasma, that 
dilatation of capillaries and venules in extensive visceial aieas loners the 
effective blood volume, and leakage of plasma decreases the actual blood 
volume, that these effects pioduce a dispaiity between the volume of blood 
and the volume-capacity of the vascular system, which disparity manifests 
Itself m the syndrome of shock, and that heinoconcentiation occurs regularly 
when this type of circulatory distuibance is developing 

Hcmoconccnti ation — The fact that heinoconcentiation occuis when shock 
fiom various causes is developing has been known foi many years The 
earliest observations on this featuie weie, apparently, made in clinical studies 
on patients suffering from extensive burns of the skin Baraduc' (1863) 
noted in such cases that the blood was daik, thick and that it failed to clot 
He believed this change was related to the mechanism by which death oc- 
curred, that the thick, viscid blood could not ciiculate thiough the minute 
vessels and that this resulted in death by circulatoiy failure Tappemer® 
(1881) reported erythrocytic counts, ranging from 7,810,000 to 8,960,000 m 
from six to 17 hours after burns, in foui cases which resulted fatally Wilms^ 
(1901) confirmed the previous observations and recorded cell counts ranging 
from 6,500,000 to 8,200,000 in six persons seveiely burned Locke-' (1902) 
leported blood counts in ten such cases The highest count in four nonfatal 
cases was 7,266,000, while in five of the six fatal cases the erythiocytes were 
above 9,000,000 He recorded that the blood was daik and thick Beckv 
and Schmitz,® Underhill, et at Simonat t,® Moon,® Wilson, ct al Harkms^^ 
and others have confirmed that marked hemoconcentration occurs immediateh 
after severe superficial burns of the skin 

Underhill and his associates reported blood studies in 20 cases of severe 
superficial burns Marked hemoconcentration was found in each instance, as 
indicated by hemoglobin percentages ranging from 114 to 226 per cent The 
higher concentrations were found in the moie severe cases The concition 
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was associated Mith a deci eased letuin of blood fiom systemic aieas and with 
deci eased volume output of the heart This resulted in systemic anoxia, 
lowered metabolic piocesses, low arterial pressure and final suspension of 
vital activities He believed that hemoconcentration is a prime factor in the 
development of shock from hums He stated that the de^iee of concentiation 
IS an index of the patient’s condition, that neithei man noi animals can long 
suivive hemoconcentration of 140 pei cent, and that the condition becomes 
precarious at 125 pei cent 

Sheirington and Copeman^- (1893) noted an inciease in the specific giav- 
ity of the blood of animals aftei abdominal opeiations The} suggested a 
lelationship between this featuie and surgical shock Cobbett^^ (1897) de- 
scribed a senes of experiments in which the specific giavity of the blood was 
noted at intervals after manipulation of the intestines of dogs The data in- 
cluded a continuous lecord of aiteiial piessuies Foi a time the specific 
giavity was unchanged, but as edema and seious effusions developed, the 
specific gravity rose steadily and the blood became thickened so that it flowed 
with difficulty For some houis aftei the specific gravity began to use, the 
aiterial pressure showed little 01 no sign of falling When, at last, the blood 
pressure began to decline, it fell lapidly and death occuried soon Cobbett 
noted three stages of effects in such expei imeiits 

(1) Fluid was lost from the injured tissue, but the blood was unaffected 
because of fluid absorbed from othei tissues 

(2) As the compensatory absorption of fluid became insuflicient, the 
density of the blood gradually inci eased and signs of failing cii dilation began 
to appear, but the blood pressure lemamed unchanged 

(3) A rapid decline in blood piessuie ending 111 death 

He concluded that circulatoiy failuie aftei severe abdominal opeiations, 
in peritonitis and after burns, is accompanied by similar alteiations in the 
blood 

Vale^^ (1904) recorded the specific gravity of the blood and tissues in 
experimental shock in animals and in human cases of shock from various 
causes In experimental shock the specific giavity was increased and that 
of the tissues decreased, which indicated an increased fluid content of the 
tissues and a consequent inspissation of the blood Shock in human cases, 
resulting from trauma, bui ns, peritoneal inflammation and from other causes, 
was accompanied by an increased specific gravity of the blood An exception to 
this was seen when the condition had been complicated by considerable hemor- 
rhage The specific gravity letuined to normal when lecovery from shock 
occurred Vale suggested that the observed phenomena resulted from dam- 
age to capillary walls He was the fiist author to suggest that variations in 
specific gravity of the blood present a practical means for distinguishing be- 
tween shock and hemorrhage 

Crile^'’ (1909) recorded that m experimental shock the red cells are in- 
creased in number, but after hemorrhage then number pei unit volume is 
decreased Henderson^ (1910) found the blood abnormall} concentrated in 
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shock, and attiibuted this to leakage of plasma into the tissues Manni'^ 
(1914) and many otheis have confirmed these observations, but none of these 
authors suggested the pi actical use of this test clinically 

Cannon, Fiaser and Hooper^® made cell counts on the blood of seriously 
wounded soldieis They found red cell counts langmg from 6,000,000 in 
mild shock to above 9,000,000 m severe shock The hemoconcentration was 
progiessive and tended to be pioportional to the degree of shock Conveisely, 
a deci eased number of eiythiocytes was found after hemorrhage and also in 
the blood of those who had served as donois for transfusions Bayliss and 
Cannon^” found coiiespondmg hemoconcentration in experimental shock in 
cats Bazett-*’ found 1 ed cell counts of gi eat value as indicating whether shock 
or hemori hage was pi esent and 111 detei mining the condition of the patient and 
the operative risk In Robertson’s”^ experience patients suffering from shock 
are to be distinguished fiom cases of hemorrhage or from hemori hage plus 
shock by the piesence of a high hemoglobin leading in the former 

The above findings were confiimed by Keith,-- who showed that a marked 
decrease m the total volume of blood is an outstanding featuie of shock This 
IS due to a decrease in the plasma volume and is accompanied by hemocon- 
centration He concluded that one prominent factor was that the noimal 
processes of blood dilution fail to operate In moderate shock the blood can- 
not absorb fluid from the tissues 1101 from the gastro-mtestinal tiact, but the 
vascular walls aie able to retain fluid if supplied m suitable form In severe 
shock the vascular walls are unable to retain colloids 01 even whole blood 
Fluids leak out into the tissues almost as fast as injected Treatment in this 
class of cases was entnely ineffective 

Bainbridge and Bullen-^ found the hemoglobin content reduced after 
hemoirhage and increased during shock They advise this as a practical 
means for differentiation of those conditions They observed that the system 
IS able to compensate for loss of blood by hemoirhage but that in shock this 
mechanism failed to opeiate 

There is agieement among mvestigatoi s that deci eased total volume and 
volume-flow of blood are essential features in the mechanism of shock There 
has been disagreement concerning the origin of these featuies A thieatened 
dispaiity, between the blood volume and the volume-capacity of the vascular 
system, is compensated for a time by physiologic means Activity of the 
sympatho-adrenal system results in maximal systemic vasoconstriction, thereby 
reducing the volume-capacity Organs such as the spleen discharge their 
leserve of blood into the circulation Fluid is absorbed from tissues into the 
blood, thereby increasing its volume Let it be emphasized heie that this 
mechanism of absoi ption depends directly upon the normal state of the capillary 
endothelium Capillary walls so atonic and permeable that they allow plasma 
and cells to transude into the tissue spaces, are incapacitated for the function 
of absorption The development of capillary atony deranges the mechanism 
of “water balance” and throws out of geai the machinery for compensating a 
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deci easing blood volume So long as the mechanism of compensation is 
effective, there is no ominous decline in the arterial blood piessure 

Coinpciisahon and At to ml Piesswe — A decline in blood pressure has 
been regarded as the characteristic sign of shock, and few have realized that 
this is a sign, not of the developmental stage, but of circulatoiy decompensa- 
tion When the arterial pressure sinks below 8o Mm Hg — “the critical 
level” — the end is imminent 

Many authors have noted that a use in blood piessure follows trauma of 
various kinds used m producing shock experimentally We have noted this 
feature aftei injecting small amounts of tissue extracts intravenously The 
injection of large doses caused the pressure to decline Similar observations 
were made after implanting muscle pulp intraperitoneally (Chart 2) The 
increased arterial pressure under such conditions indicates effective compensa- 
tion which may be followed by a decline, indicating decompensation This 
view IS supported by clinical experience Gray and Parsons-'^ stated that “a 
low blood pressure is not an essential accompaniment of the clinical picture, 
for the classical symptoms of shock occur while the blood pressure is at its 
highest recorded point ” 

Cope-® stated that a fall 111 blood pressure is not the earliest nor the tiuest 
indication of shock, that no appreciable decline in pressure may occui until 
moie than one-fourth of the total blood volume is lost, and that the pressure 
may be well maintained with a much smaller blood volume He cited instances 
m which a late stage of shock was present while the blood piessure was well 
maintained He stated that many cases of serious shock will pass unrecognized 
if low blood pressui e is used as the chief or the sole criterion 

Freeman, Shaw and Snyder-® devised a method foi determining the 
volume-flow of blood in human beings Their results indicated that a progres- 
sive reduction of the volume-flow was present during the development of 
surgical shock In some instances the volume-flow was reduced almost to 
zero before the blood pressui e gave any indication that shock was present 
They concluded that variations of volume-flow of blood are more accurate 
indications of the presence and of the degree of shock than are variations 111 
arterial pressure However, no simple practical method has been devised foi 
determining the volume-flow of blood clinically 

A Chnical Test jot Shock — Kennedy and I-'^ confirmed the finding that 
hemoconcentration develops before piessure changes occur both in experi- 
mental shock and in human cases Later we reported on the practical applica- 
tion of this test to chnical use Our results showed that hemoconcentration 
occurs early, that it is proportional to the degree of the condition and that it 
IS a chnical test of high practical value in detecting this type of circulatory 
deficiency, m estimating its sevei ity and in differentiating it from hemorrhage 
My associates and I have produced shock experimentally by various means 
in moie than 300 animals These included 147 dogs, 98 guinea-j^igs and 
smaller numbers of cats, rats rabbits and monkeys Hemoconcentration oc- 
curied regularly without exception in each animal and species This devel- 
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oped early, befoie othei signs of shock appeared, and the concentration of the 
blood progressed in degiee pioportional to the apparent illness of the animal 
When recovery follovved. the blood leturned to its normal corpusculai com- 
position When death lesulted, the postmoitem findings indicated capillary 
atony in extensive visceial aieas This evidence included inaiked dilatation 
and engoigement of capillaries and venules with evident stasis of blood in 
them, ecchymoses, edema of soft tissues, and effusions m the serous cavities 
The edema fluid and effusions weic shown to have a high sjiecific gravity and 
piotem content, approximating that of the blood plasma 

Henioconcentration may be shown either by hematociit readings, by an 
inciease in the specific giavity, by hemoglobin determination or by erythrocytic 
counts Oui expeiience indicates that the lattei is more satisfactory as an 
index than eithei of the others The er3'throcytes sometimes increase in size 
by swelling In such a case the hematocrit reading is not an accurate index 
of hemoconcentiation The cui v,es of successive hemoglobin leadings are more 
iriegular and piesent moie inexplicable variations than those of the led cell 
counts 

Accuiate specific gravity deteimmatioiis are difficult to make as clinical 
tests, though the method of Hammeischlag is simple and sufficiently accurate 
if caiefully done This consists m mixing chlorofoim with eithei xylol oi 
benzine m such pioportion that the specific gravity of the mixture ranges 
between i 060 and i 070 as shown by an oidmaiy uimometei A drop of 
fiesh blood is then placed m the mixtuie, using caie to avoid including a 
bubble of an It the diop sinks, a small amount of chloioform is added to 
inciease the specific giavity of the niixtuie If the drop of blood floats, xylol 
IS added ^\fl]en the mixtuie is adjusted so that the chop of blood remains 
suspended, neithei using noi sinking, it has the same appioximate specific 
giavity as the fluid This is then detei mined by a specific giavity spindle 
Vaiiations in the specific giavity of the blood occui m a much narrowei 
lange than vaiiations in counts of led cells Foi example, befoie operation 01 
injury the specific giavity may be i 060 and the red count 4900,000 When 
shock has developed, examination of the blood may show i 075 specific gravity 
and 8,000,000 red cells In this instance, the A^aiiation m the specific gravity 
was only 0015 while that of the led cell count was 3,100,000 The index 
providing the widest range minimizes the variations due to technic 

We have found that hemoconcentiation develops giadually after severe 
trauma, operations, intestinal obstiuctions and bums, but that it results im- 
mediately after the injection of bile peptone, histamine, emetine and othei 
substances which cause damage to endothelium A use fiom 5,000000 to 
6,000,000 red cells represents a concentration of 20 pei cent Such a finding 
indicates that the total blood-volume has been reduced about 10 per cent, and 
the plasma-volume about 20 per cent A hemoconcentration of 20 per cent is 
ominous, for it indicates that the mechanism of shock is in operation even 
though no decline in aiteiial piessure 01 othei evidence of circulatory defi- 
ciency IS shown Hemoconcentiation of 40 pei cent is a grave sign and is soon 
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followed by other evidences of circulatory distui bailee When the systolic 
pressure sinks below 70 or 80 Mm Hg the hemoconcentration may be any- 
where between 40 and 60 pei cent Concentration of 80 per cent has been 
recorded frequently in the terminal stages of shock 

Diffei enhation Between Shock and Heiiioi ihage — Hemoiihage and shock 
are often confused because of the similaiity m their clinical signs They may 
be differentiated readily by observations on the concentration of the blood 
Loss of blood by hemoirhage results in dilution of the blood because fluid is 
absorbed rapidly from the tissues to restore the blood to its 1101 mal volume 
The hemodilution is propoitional to the amount of blood lost This fact has 
been known for many yeais, and is illustiated by the following experiment 
The specific gravity, hemoglobin content and 1 ed cell count of a dog weigh- 
ing 105 Kg were carefully determined Measured quantities of blood weie 
then withdrawn at intervals, from a vein in the leg The results ai e shown in 
Table I 


Table I 

ALTERATIONS IN SPECiriC GRAVITY, HEMOGLOBIN, AND RED BLOOD CELLS APTER WITHDRAWAL 

or 100 CC OF BLOOD 


Time 

Sp Gr 

Hb 

Red Cells 

Bled 

II 00 A M 

I 056 

98 

5,400,000 

100 cc 

3 00 P M 

I 055 

97 

5,320,000 

100 cc 

5 00 P M 

I 055 

95 

5,300,000 


10 00 A M 

I 055 

80 

5,400,000 

100 cc 

II 30 A M 

I 050 

75 

4,910,000 

100 cc 

I 00 P M 

I 047 

57 

4,400,000 

100 cc 

2 30 P M 

I 042 

60 

3,890,000 

100 cc 

4 15 PM 

I 037 

49 

2,420,000 

100 cc 

9 00 A M 

9 30 A M 

I 032 

36 

1,380,000 

400 cc (death) 


In each instance the blood examinations wei e made bejoi e the withdi awal 
of the volume of blood shown It will be seen that a loss of 700 cc of blood 
within 36 houis was sustained by a dog below aveiage size This reduced the 
hemoglobin to 36 per cent and the specific giavity to i 032 At this time the 
dog showed no evidence of illness It was active, normally playful, and prob- 
ably would have lecoveied A fuither loss of 400 cc of blood, ho^^evel, 
caused death 

Chart I shows diagiammatically the composition of normal blood in the 
fiist column The second column show'^s the composition wdien hemoconcen- 
tiation of 40 pel cent is piesent About 7 cc of this concentiated blood 
(third column) contains the same volume of corpuscles as is piesent m 10 cc 
of normal blood This lesults from the loss of 3 o cc of plasma from each 
10 cc of blood In other wmrds, the plasma-volume has been reduced by 50 
per cent, and total blood-volume by 30 per cent The last column (right) 
show’^s the composition of blood after a hemorrhage which has reduced the 
hemoglobin and led cells to 40 pei cent of the noimal 
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Simple examinations of the blood will usually differentiate between cir- 
culatoiy deficiency resulting fiom hemorrhage and that resulting from shock 
In the foimei the blood is bclozv, in the latter above, its normal or previous 
concentration It may happen that the effects of hemorrhage are combined 
with the mechanism of shock Such a combination is indicated by a less maiked 
change in concentration Therefore, when circulatory deficiency is develop- 
ing, and yet the blood is only slightly above or below the concentration shown 
pi 101 to opeiation, there is evidence that shock is combined with the effects of 
hemoi rhage 
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that resulting from hemorrhage "'’'''"I ^S^^second column Seven cubic centimeters of 

cent, it will have the composition shown in ^ , corpuscles (third column) as 10 cc of 

such concentrated blood will contain the same me ^concentration of 40 The 

ScSisSSSM 

by hemorrhages, to 40 per cent of the normal 

E,pe, .menial and Chn.cal Shoch-li has been 
syndrome occurs clinically m many conditions other t ^ 

extensive operative procedures or after burns 1 y co 

produced shock experimentally by various metho s concerned with 

the conditions of its clinical occurrence urgeons g^j-gical interven- 

shock resulting from extensive traumatic conditions resulting 

tion The following method closely approximates the conditi 

from extensive injury to muscles j^orinal 

A quantity of muscle was excised aseptic y precautions 

dog This was finely ground up m a meat choppei under asept P 
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and was then suspended in saline solution Varying quantities of this prepara- 
tion were introduced into the peritoneal cavities of noimal dogs undei light 
ether anesthesia Records were made of the pulse rate, respirations, tempeia- 
ture, hemoglobin content and red cell count thiee times each day before and 
after this procedure 

When doses of 5 Gm or more per kilogiam of body weight were used, 
illness developed within two or thiee hours Thirst was evident, but vomit- 
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Chart 2 — Showing the curves of hemoconcentration and hlood pressure as shock developed after 
placing muscle substance in a dogs peritoneal cavitj (arrow) Blood pressure is shown at the left 
and red cell counts in millions at the right Clock time is shown at the top It is seen that heniocon 
centration developed immediately, reaching 15 per cent four hours later, at which time the blood 
pressure was above 140 Mm Hg The blood reached its maximum concentration four hours before the 
blood pressure declined to the critical level, 70 to 80 Mm Hg 


mg followed when fluids were taken The vomitus contained bile, mucus and 
flecks of blood The urine was scant)- and often contained blood Diarrhea 
fi equently developed, and the feces show^ed mucus and bloody fluid Hemocon- 
centration sometimes developed wuthin an hour and it occurred regularly before 
the arterial blood pressure began to decline The concentration w'as progres- 
sive and its degree w^as proportionate to the apparent illness of the animal 
A condition of collapse, relaxation and stupoi preceded death 

Smaller doses of muscle substance produced the same signs of illness, but 
less rapid in development and in degree Death did not occur so early Re- 
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coven often occurred after doses of 3 Gm or less per kilogiam of bod} weight 
Shock was produced by this method m each of 56 dogs Many of the 
results of those studies have been reported else\\here In one group of 
experiments the dogs were maintained under light ether anesthesia through a 
tracheal tube and a continuous kwmographic record of arterial blood pressure 
was made for comiiarison with the cur\e of the heinoconcentration In such 
instances shock developed more rapidh because of the contributor} effect of 
anesthesia The following experiment is t\pical of this group 
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Chmit 3 — Showing the cunes of hemoconcentration and blood pressure during the deielopment of 
shock after colonic resection (arrow) , . , , . at 12 m 

In this instance the concentration of the blood indicated impending rmnoensa 

which was 12 hours before arterial pressure gave a similar indiration The mechani m 
tion was apparenth adequate until about 9 p m b\ which time hemoconcentration of 60 per 
developed \et at this time the blood pressure was still at a normal level 


Four grams of minced muscle substance, per kilogram of body weight, 
was introduced directly into the abdominal cavity of a normal dog through a 
short incision Progressive concentration of the blood began almost imme- 
diately and had reached a degree of 15 per cent three hours later, at wluci 
time the blood pressure was at its highest point The hemoconcentration a 
reached it maximum almost four hours before the blood pressure ha e- 
clined to a critical level (70 to 80 Mm Hg ) The course of the hemocoii- 
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centration and blood piessiue is shown giaphically in Chait 2 Repetitions of 
this experiment gave uniforniI)>- similar results In every instance the maxi- 
mum concenti ation of the blood occun ed sca ei al houi s befoi e the blood pres- 
sure sank to the critical level 

I have had oppoitunity to compaie hemoconcenti ation with blood pies- 
sure readings m a number of clinical cases duimg the development of ciicula- 
tory deficiency of the shock type In each instance examination of the blood 
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Chart 4 — Sho^ylng the curves of hemoconcentration and blood pressure after operation (rectal 
resection for carcinoma, arrow) followed by recoverv 

Note the immediate rise in concentration indicating the imminence of circuIator> failure and the 
accompanying rise in arterial pressure indicating active compensation Transfusions of blood and 
glucose in saline intrav enouslv were administered after the operation and on the next dav (i and 2 ) 
Saline hvpodermocl>sis was administered on the following da> (3) 


foiecast the development of the shock several hours to several da}s befoi e 
the blood piessure declined notably A few instances wall be cited 

A white female, age 54, had been prepared for colonic resection b\ a 
previous colostomy operation The resection undet ether anesthesia was 
finished m 35 minutes The patient's condition as indicated by pulse, respira- 
tion and blood piessure w'as satisfactory on return to her room The blood 
pressuie was not onh w^ell maintained, it actually ma eased for seieral liouis 
so that at 6 00 p m it w as at its highest point IMeanw hile henioconcentra- 
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tion had developed steadily (Chart 3) The erythrocytic count rose from 
3,^20,000 before the operation to 5,500,000 nine hours later— a concentration 
of moi e than 40 per cent The concentration of the blood three hours after 
tlie opeiation foiecast the impending circulatory collapse 12 hours before com- 
pensation failed Death occurred hy shock 26 hours after the operation 
In another case, a rectal resection for carcinoma, hemoconcentration of 
36 pei cent occurred within a few hours, while the blood pressure was at its 




/ie/77 oc onccntration 
blood p/essui e 


Chart s — Showing' the curves of hemoconcenlntion ond blood pressure incid^t 
Time IS shown in cnlciidar days Only two counts of erythrocytes were made The heavy soim i 


connects them , 

In this instance hemoconcentration of 40 per cent was accompanied by 
arterial pressure, and occurred two days before death Note the precipitate 
when compensation failed 


a compensatory rise in 
fall in blood pressure 


highest recoided point (Chart 4) Transfusions of blood and repeated intra- 
venous infusions of glucose m saline after the operation, and on subsequent 


days, were followed by recovery 

Circulatory failure incident to systemic intoxication was illustrated m an 
instance of icterus gravis, with fatal termination on the sixth day of hospital- 
ization The blood count on May 28, the day after admission, was 4,490,000 
Two days later it had risen to 6,240,000— an increase of 40 per cent During 
this time the blood piessure lose from no to 130 Mm Hg Two days later 
the blood pressure had declined only to 120 but the decline continued precipi- 
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tately, ending in death (Chart 5) Hemoconcentration in this instance pre- 
ceded the circulatoiy collapse by two days, during wdnch time the blood pres- 
sure gave no intimation of impending failure of compensation 

Summary — I have reviewed all recoids of hemoconcenti ation or acute 
erythrocytosis which could be found in medical literature, only a few' of wdnch 
have been cited in this paper The evidence summarized from these reports 
indicates that hemoconcentration is related etiologically to the mechanism b'v 
which the syndrome of shock develops in various clinical conditions Most 
of the authors attributed the hemoconcentration to the leakage of plasma 
through endothelium which had been rendered abnormally pei meable by some 
injurious agent or condition 

Our expel imental studies have included mtraperitoneal introduction of 
muscle, liver and other tissue substances, injections of wateiy extracts of 
normal tissues, of bile and its salts, peptone, bacterial cultures and toxins, 
bistamme, snake venoms, and drugs such as emetine, veronal and other bar- 
biturates They also included burns, trauma, intestinal manipulation and 
obstructions, and the elTects of proteins in sensitized animals 

Regularly, and without exception, the agents and conditions mentioned 
produced hemoconcentration This appeared early, and its degiee w'as propoi- 
tional to the apparent illness of the animal When recovery follow'ed, the 
blood returned to its normal composition When death resulted, the post- 
mortem findings w'eie those which w'e-® have shown to be charactei istic of 
shock 

It appears that any agent or condition which affects capillary endothelium 
adveisely will produce the syndrome of shock if that effect is produced sys- 
temically or m extensive visceral areas Both the expei imental and clinical 
observations indicate that hemoconcentration is the surest and earliest clinical 
sign of endothelial damage of sufficient extent or degree to impaii the efficiency 
of the cii culation 

It IS strange that a phenomenon which is so grave m its import, so common 
in its occurrence, and so easily demonstrated, has not been utilized by 
physicians in their clinical studies of patients 

CONCLUSIONS 

Arterial blood pressure is not an accurate criterion of tbe presence of 
shock The lattei may be present while the blood pressui e is w'ell maintained 
or IS even at its highest recorded point 

Hemoconcentration is progressive, it is an index of the degree of shock, 
and it subsides to normal as shock is abated Also it furnishes a means for 
distinguishing betw'een shock and hemorrhage In the latter condition the 
blood IS diluted to a degree pioportional to tbe effects of the hemorrhage 
The presence of hemoconcentration is the earliest clinical sign of shock 
It IS easily detected, is regularly present before other signs appear and results 
from the same mechanism wdnch causes shock Its use as a clinical test 
facilitates the early recognition and treatment of shock 
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DERMOID CYSTS OF THE VERTEBRAL CANAR-^ 

Edwin B Boldrey, M D , and Arthur R Elvidge, M D 

Montreal, Canada 

FROM THE MONTREAL NEUROLOGIC VL I^STITUTE AND THE DEP VRTMENT OI M UROLOt 1 \ND NLUROSURCFRl MCGII I 
UM\ERSm, AND THE MONTRE VL GENERAL IIOSPIT VL, MONTREU CVNADV 

Since Cruveilhier’s® desci iptioii of an intiacianial “tumeui d’appaience 
peilee” (1829), deimoid cysts have been encounteied fiequently ni the hi am 
A spinal dermoid, howevei , is still a rare operative 01 autopsy finding Since 
1875, the presence of deimoid or epideimoid C3’^sts m the veitebial canal 
has been leported m 40 instances, the piesent contribution of thiee such 
cases being included This papei presents a summaiy of the lecoids and 
a brief considei ation of the anatomical and clinical aspects of these tumors 

Bostroem’s^ term “dermoid” and “epideimoid” (1897), cuiiently moie 
acceptable than Mullei’s-'-’ “cholesteatome” (1838), denotes a group of con- 
genital giowths which “commonly oiiginate by the inclusion of a poition of 
ectodeim dm mg closuie of emhiyonal fissures, 01 at the point of union of 
ectodeim with othei stiuctuies along the couise of ectodermic invagination 
01 from persistent emhiyonal ectodeimal stiuctuies” 01 from tiauma 01 
teratomatous lemnants (Ewmg,^^ 1931) The type and location of the cyst 
appear 1 elated to the age of the fetus at the time of the inclusion erroi 
They may be single or multiple , they may contain any 01 all of the pi oducts 
of the skin and its glands, though epidermoids do not as a rule contain ban 

In this piesentation we have not diffeientiated between deimoid and 
epideimoid We have assumed the accuiacy of the pathological diagnosis m 
all instances The following cases have been previously lepoited j 

CASE reports 

Case I — Eppingei,lO 1875 This case is referred to bj Critchlej and Eerguson '■ We ln\e been 
unable to corroborate the reference because the article is not aaailable 

Case 2 — E Chian , 4 1883 A male age 33, had had s>niptoms of a “trans\erse ni>ebtis” for ip 
jears A subpial cholesteatoma 4 cm long, extending from the fourth to the sixth thoracic ner\c 
segments, was discoaeied postmortem It was adheient to the pia mater at the point of greatest 
circumference and came into close relationship with the ependjma of the central canal 

Case 3 — Muscatello 30 1893 A female, age s months, was preaiouslj examined for a thoracic 
spina bifida An incidental finding was an extradural cholesteatoniatous cjst the sire of a large pea 
located 01 er and attached to the periosteum of the fifth luinbar eertebra 

Case 4 — E Trachtenberg 43 1898 This unusual case was a male, age S3, with a historj of 
sjmptoms of spinal cord compression foi four xears Autopsj reeealed multiple ultra arachnoid and 
mediillarj dermoids and epidermoids These were small, and extended for a considerable distance 
along the spinal canal and into the cranial ca\itx 

Case s — W H White and A D Eripp l" 1900 A male, age 30, had been suffering for four 
eears from Hodgkin’s disease There was a historj of rapid loss of strength for a period of three 
months, culminating in a complete parah sis and anesthesia below a point three quarters of an inch 
below the nipples There were shooting pains in the chest and upper extremitx with superficial 
tenderness o\er the spinous processes of the second, third and fourth dorsal aertcbrac Surgical 

Submitted for publication Juh 8, 1938 

* Read b} title at the meeting of the American Neurological Association, Atlantic 
Citj, New Jerset, Jilat 2-4, 1938 

Y Since this article vas submitted for publication two more cases hate been added to 
the literature 
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tion 1 sccotKl performed nioch resulted fitilly “P""* 

«Pon';"^t;;ilp,nu/«^ref^ and Grossly Autopsy 


case 7-r RajmoncI, L Alqu.cr and V Courtellemont.S'! 1904 A male, aee « had Ind 
symptoms md.cat.ntt an .ntracranni ahno.mahtj for t«o jears At antopsj there Js fotmd a late 
fron al lol.e dermoul asith small memngeal dermoid nodiiles in the spinal subarachnoid space The!e 
nciccn tal spinal findings .ore inirela.ed to the symptoms of ivhich he complained In «us case 
small cliolesteatomatous masses iverc reported in the spina! fluid on puncture 

Case 8— r Ucrkal.i 1906 A female, age 27, had had a “transverse niyehtis" type of symptom 
complex for eight years before investigation A snhpial cholesteatoma, lo-cy cm in size, was found 
(piolnbh at autopsv) m the substance of the conus mcdiillarc attached to the central canal and the 
iiiciiiiigcs This iiiiavaihhie report was summarized hy Laiiterberg, Salotti.as and Marinesco and 
Draganesco 

Case g— Harnclnuscn.ir ,909 A female, age 23, had had pain in the left leg for nine years, 
followed by Inlateral leg weakness and hyperalgesia at the seventh thoracic segment At postmortem 
e\aiiiuiation an nitrainedullary dermoid, cm , cvliiidrical in outline and involving the central 

canal ainl the pia, was discovered at the level of the first lumbar vertebra An interesting associated 
condition was redoubling of the spinal cord 

Case 10 — K Frick,!! 1911 A female age 64 died after a nine year history of spastic para 
plegia and anestbesn of the lower extremities At autopsy a subdural dermoid was found pressing 
the cauda forward at the level of the second to fifth lunihar veteibrae 

Case II — T von Vertbely,!!’ 1913 A male, age 15, Ind a double spinal cord cyst “the size of 
an apple’ in the lumbar region Of these cysts, one was a true dermoid while the other was a 
•foieruniici of a nciiro cpitliebonia ’ These were encased in extradural fat and were connected by a 
canal winch hoio no lining einthclium The findings were postmortem Marinesco and Draganesco 
regard this case as an exceedingly important one because of the proliability of fetal inclusions and 
teratoid formations It is presented as a dermoid bv its author, however, and we include it here 

Case la — W L Uobertsoii and S D Ingham,!*' 1916 A female, age 19, had had a dragging 
sensation in the left leg' and back beginning five years before operation When first seen, she bad 
paralysis and anesthesia of both legs A subdural cholcste itoma” sj 4 xi inches 111 dimension was 
found among the nerve roots of the lumbar region 

Case 13 — C Elsbcrg ® 1917 A female, age 60, bad Ind occipital pain for three years For six 
months there had been weakness and mimbness in the right arm Later, bladder trouble, generalized 
minibness and left sided weakness appeared A subdural dermoid extending from the fourth cervical 
vertebra into the occiput was found at operation The intracranial poition was removed later (The 
author draws attention to the lack of respiratory symptoms ) The patient died six months afterwards 
Case 14 — Guizetti,!*! 1921 This case, reported by Saiotti (1927), was that of a female, age 39 

No symptoms were mentioned but tbeie vv is found a large dermoid, 7x2 cm , attached to the pial 

meninges in the luiiibosacral region 

Case 15 — W Laiiterberg,-*! 1922 A male, age 7, was found to have an epidermoid cyst 

t2viox8 Mni in the region of the canda eqvuiia, in the subdural space It contained cholesterol 

crystals at its center and bad a lamellated structure at its periphery An epidermal membrane could 
be demonstrated over but a small part of the structure The tumor was an incident il finding at 
autopsy after death due to an encephalitis 

Case 16—- G Marinesco and Dragaiiesco,23 1924 A male, age 30. bad been ill for six months 
with weakness of the lower extremities He was operated upon and a subdural cholesteatoma was 
found at the level of the mntli dorsal vertebra Pieces of it were removed The patient died seven 
years later At necropsy a tumor was found at the level of the tenth and eleventh dorsal verte rae 
where it had destroved the cord Below, the cord appeared normal, above, there were sy 1 mgomy elic 

Case 17— Dal Bo t 1926 The case is that of a dermoid cyst m a female, age 42 This m 
credibly huge mass extended from the seventh thoracic veitebra to the canda equina and was 17 
cm m length and 12 cm in circuiiifereiice Salotti, who reports this case, points out that the 

tumor had dilated the intravertebial space r 

Case 18— N Melnikoff Raswedenkoff,-:*' 1926 (reported in 1031) In 1 discussion of 7 
of dermoid and epidermoid cysts of the central nervous system, mention is made of an in ramedu y 

epidermoid This was 111 a male, age 26, who had been afflicted with paraplegia A cyst, 8x10 , 

was found between the fifth and sixth dorsal interspaces 


touna oetween me uliu auu aivwi ulcers 

Case 19 -A Salotti, 38 1927 A male, age 31, li^d had regional anesthesia ^ ^ 

a.. „ . .r':rs 


age 30 Symptoms were of one year's duration and were 
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with lumbir pnin At operation, a cyst was found stiriounded In roots of the cauda equina It 
nas removed successfully There was great relief from pain in the back and the patient uas ualking 
in a month The impaired bladder function was impro\ed after tbe first >ear 

Case 21 — M Cntchley and E R Feiguson '• 1928 A male age is "ith a histor\ of “meningitis’ 
it age 3, and an unexplained paraljsis of the legs at age 7, developed influenza After three weeks 
in bed he developed sev'ere leg pains and could not stand or walk unassisted Although there was 
no sphincter loss, signs of pyramidal irritation were found in the lower extremities and there was a 
sensory level at the eighth thoracic segment A noncapsulated tumor, latei diagnosed ‘ true epidermoid ’ 
lay beneath the laminae of the seventh and eighth thoracic vertebrae It was subduial and bound up 
with the pia arachnoid Recovery was complete 

Case 22 — L Delrez,8 1929 The patient was a female, age s Tor two months prior to investi 
gation, she had had sensory and motor symptoms of spinal compression She was opciated upon and 
a del mold cjst found extending from the level of the third lumbar vertebra to the saci uni The 
patient recovered from the operation but unfortunately there was an associated sarcoma of the kidnej 

Case 23 — John Fraser, 12 1930 A male, age 22, had had midback discomfort for one vear 
This had become giidlelike in the region of the gioin, with shooting pains and a numb feeling 
aggravated by activity General clonic contractions of both legs on going to sleep, a disturbance of 
gait and loss of sphincter contiol appeared shortly befoie investigation At operation an epidermoid 
cyst, 9 5x0 7 cm in maximum diameter, was discoveied in the postei lor median fissure at the level of 
the eleventh thoracic nerve segment 

Case 24 — P Pitotti,33 1930 At the autopsy on a male, age 26, who had died of pvelonephi itis 
a large sacial dermoid cyst was found, compiessing the cauda equina There is no history of i elated 
symptoms 

Case 25 — P L Hipsley 1932 A female, age 3, had had a discharging sinus in the upper 
back, and pain m the left chest for seveial weeks Four weeks before examination, difiicultj in walking 
appeared Lumbar puncture yielded xanthochromic fluid which coagulated on standing and contained 
72 cells per cu Mm, 80 per cent Ijmphocjtes and 20 per cent neutrophilic granuloc} tes Lipiodol 
injected into the cisterna magna was arrested at the level of the seventh ctivical vcitebra At 
operation a dermoid c)st, 18x12 s Mm in size, was removed It was firmlj adheient to the dura 
The postoperative course was uneventful 

Case 26 — Michelseii 27 1932 Following spinal anesthesia, this female, age 32 developed a 
motoi and sensory incapacity Aftei a three and one half yeai remission the sjmptoms recurred 
At operation a mass, later identified as a “cholesteatoma,” was found arising from the jii i in the 
midline, posteriorly, at the eleventh and twelfth thoracic verteliiae Death followed icmoval 

Case 27 — A H Schroedei,30 1932 A female, age 33, had had we ikness which commenced in 
the right leg one and one half years eailier The clinical findings were slight involuntar> move 
nients in the left leg and right hallux, diminished sensation below the second lumbar segment, and 
tender spinous processes on the eleventh and twelfth thoiacic v’ertebiae A ‘ choleste itoiiia ’ laj at 
the end of the cotd beneath the laminae of the tenth and eleventh thoracic vertebrae It was 
successfull} remov ed 

Case 28 — W J Mixtei,28 1932 A male, age 23, had a dull, low back pain commencing six 
years previously Later, stabbing pain and weakness were experienced in the right knee Before 
opeiation, disability included weakness, pain and numbness in both legs and hands There was 

i oentgenologic evidence of bonj canal dilatation A dermoid, “the size and shape of a sausage,’ 
was found splitting the dorsum of the cord It was evacuated and partlj excised Sjniptonis re 
ciiricd one and one half jeais later 

Case 29 — P Ottonello,32 1933 A female, age 20, had suffered for two weeks prior to adiiiis 
Sion, with niotoi and sensory sjmptoms, including marked hjperrcflexia, bilateral Babiiiski reflexes 
and vesicorectal incontinence At operation an extramedullarj dermoid 6 5x2 cm in size, was 

lemoved The patient recovered An interesting associated condition present in this case was 

rachischisis 

Case 30 — S W Gioss,l5 1934 Tor several jears this male age 44, had had iiain atrojiliv and 
weakness in all extiemities A sensorv and vasomotor level, more right than left was found at the 
fifth thoracic deimatonie An intraniedullar> dermoid projected 4 to 3 Mni into the left side of 
the cord at the level of the disk between the second and third vertebrae It was firml> attached 
at the bottom It lecuiied three jears later 

Case 31 — H C Naffziger and O W Jones, Jr 3l 1935 A fciii ilc, age 60, since age 18, 
had complained of a weak back At age 30, she had had ‘acute lumbago’ followed bj constant 
backache At age 57 an opeiation for spina bifida occulta partiallj relieved the weakness, numb 
ness and muscle spasm in the right leg One vear later, the pain in the left leg became so severe 
that coupled with accentuation of the remaining right sided svmiitoms it prevented walling A 

fusiform dermoid cjst of the cauda equina, 2x38 cm was found to extend from the twelfth thoracic 
to the second sacral vertebrae Tbough it could not be removed in toto 45 Gm of cheesv, bur 
containing matciial was evacuated Recoverv was complete save for right sided foot drop 

Case 32 — H C Aaffziger and O M Tones Jr 1933 Tor two vears tins female a^e 27 had 
had increasing pain radiating from the third lumbar vertebra first to the left and then to the right 
leg Tor 20 months she had had urinarj frequenej Tor two months, she had been incontinent 
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Routt,c..oKr-.ms shoutd a u. dined tertebral cnml the regton of the tuelfth thoracic and first 
unibar ' e-- e^rae At operation an intradural “cholesteatoma” of the filum terminale was found ea 
tending distalb from the tuelfth thoracic aertebra It contained 9 Gm of cheesy material Calcium 

deposits and nerte fibers were present within its capsule Recoaera ensued except for persistent 
teisoia changes ^ I'sisisicm 

Case 33— H C Aaffziger and O ^\ Tones, Jr, 1935 \ female, age 33 had increasing knee 

up and sacroiliac pain accon.pin.ed ba weakness and spasm of the leg muscles for nine months 
lollowing chiropractic nianipulations Theie were no ohjectiae seiisora signs Leg and trunk nioae 
nients were limited A spinal subirachnoid block was demonstrated at the lea el of the third and 
fourth lumbar aertebrie An intradural cholesteatom , , , cm ,11 dianietei avis remoaed from anioiit. 
the roots of the cauda equina Recoaerj w is coniplelc 

Case 34— H C Niffzigei uid O W Jones, Ir 1935 A mile age 45 had had ‘bladder 
sjniptoms’ for 16 a ears In the decade preceding inaestigation there had dea eloped perineal numb 
ness, followed ba paroxasnial pun, weakness and mesthesia 111 the legs On admission, skin sen 
sations were absent in the first four sacral dermatomes, and there avere coarse fibrillations of the 
calf and thigh muscles There aaas a simial subarachnoid block at the first lumbar interspace 
Operation re\ ealed a dermoid ca st, s 5 cm long filling the dural sac and attached to the conus and 
filum terminale Com alescence was satisfactora 

Case 35 R Puecli, A Plichct r Visalli, and "Nl Briin 1936 A male, age 37, had had 
diflicultj ill aa alkiiig for one a ear There aaere sensora changes 111 the legs for a shorter period 
Pinallj aesicorecfal incontinence and genital changes were noted An intramedullary dermoid at the 
sixth and seaenth thoracic segments aaas curetted 4 Gm of material being remoaed The capsule 
aaas thin or absent throughout The postoperative cour'-e aaas satisfactorj 

Case 36 — J G Loae and T \V Kernoliaii,--* 1936 A male, age 40 complained of leg aaeakness 
and incontinence for an unstated period of time A dermoid east was found “in the conus medullaris 
and filum terminale” It aaas eaacuated Convalescence aaas imeaentful, but the neurological con 
dition aaas essentialla unchanged 

Case 37 — R A Varshaacr 1937 The description of tins intradural cholesteatoma is not 
aa ailable 

We have omitted two cases cited by Steinke’’^ (1918) because informa- 
tion supplied does not allow us to determine that these cases have not been 
alieady included 111 oui repoits 

The appended cases have been studied by us 

Case 38 — No 16270, R V H Male, age 17, w'as admitted complaining of having 
had bilateral “sciatica” for seteral tears, lumbar pain for 15 months, complete right leg 
paralj'sis and paresis of the left leg for three to four months, recent fecal incontinence 
and urinary retention 

Physical Examination demonstrated absent knee jerks, atrophy and absent faradic 
response in the right peronei , contractures in the right foot, priapism, and anesthesia over 
the legs, backs of thighs, buttocks and perianal regions 

Opciation — An intradural tumor, lying between the second and fourth lumbar verte- 
brae, was only partly removable It was described by Professor Adami as an epithelial 
inclusion cyst of the spinal canal within the dura mater ” klicroscopic examination leaves 
no doubt, however, but that it ivas an epidermoid cyst 

The postoperative course ivas satisfactory but the s^'inptoms were not alleviated ns 
case, found in 1908, Dr C K Russel kindb allows us to present 

Case 39 —No 5374 - 33 , M G H Male, age 45 , w-as admitted to the “kl” service 
of the Montreal General Hospital complaining of fecal incontinence, urinary frequenev 
for six years, and ulceration of the buttocks for two weeks The onset of symptoms im- 
mediately followed removal of an “anal fistula” and left herniotomy and orchidectomy 
Perineal and leg numbness w-ere noted while still convalescing, genital anesthesia wa 
first observed three weeks afterwards A few weeks later difficulty in compete owe 
and bladder evacuation appeared There was likewise disturbance of sexual function 
Four years before the present admission, there was tw'itching of the leg m 
on fatigue' More recently this had been intermittent regardless of ^^hvitv 
the last 18 months, he had had leg weakness, urinary frequency, diibblmg, 
incontinence after cathartics The immediate cause for seeking relief w^as app 
ance of the rapidly spreading ulcers on the buttocks 
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Physical Exaimmlton demonstrated pressure sores on each buttock, a greatly dis- 
tended bladder, complete cutaneous anesthesia in the third, fourth and fifth sacral seg- 
ments, partial cutaneous anesthesia m the fiist and second sacral segments, atrophy and 
fibrillary twitchmgs of leg muscles , and slight increase of "tone” m the left leg Deep 
reflexes m the legs were hyperactive The cremasteric reflex was present Lumbar 
punctures were performed with the results as charted (Table I) 

Table I 


RESULTS or LUMBAR PUNCTURES 


Lumbar 

September 15 

September 22 

September 27 

September 28 

Interspace 

I 

Normal 

Not tested 

Complete block 

Complete block 

2 

Dry tap 

Partial block 

One drop of 

Partial block 

3 

Normal 

Complete block 

creamy material* 
Complete block 

Complete block 

4 

Normal 

Not tested 

Not tested 

Not tested 

5 

Normal 

Not tested 

Not tested 

Not tested 


* Smears made of the turbid substance obtained September 27 showed an occasional 
cell shadow in an amorphous material 

Opoation — Laminectomj' was performed Beneath the third and fourth lumbar 
laminae was an oval-shaped, yellowish mass, 5x3 cm in size, anchored among the pos- 
terior roots of the cauda equina by thin membranous attachments (Fig i) 



j-jG 3 — C^se 39 Section showing epidermis and hj dinized connective tissue benenth 


Opeiative Pathology —Tht tumor consisted of a soft, cheesy material ^ ' 

translucent capsule, on the outside of which clung flakes of a similar substance 
this cyst and the conus medullans was a greenish ^ two- 

bulbous swelling against the side and tip of the conus It adhered to P 
thirds of the tumor The tumor and cystic cord were completely removed 
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Tic 4 — CncL 39 Section tliroiiRli c\<;l will sIiomiiir t Inir follicle in Inaliiiired 
subcpidcrnnl coiincctuc tissue 
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The postoperative course was uneventful A year later there was still vesicorectal 
incontinence, weakness and anesthesia corresponding with the complete level on admission 
Patlwlocjic Examwahoit—Mtaoscopic The mam tumor is a typical dermoid cyst, 
with walls of stratified squamous epithelium and containing hair, sebaceous material and 
sheets of desquamated stratified keratin (Fig 2) The epidermis lies upon a thin bed 
of fibrous connective tissue which is hyahnized in some regions (Fig 3) One hair 
follicle has been seen in cross-section (Fig 4) 

The cvstic cord is chiefly composed of loose glial tissue, the cells resembling small 
astrocytes An occasional large astrocyte and nerve cell is to be seen Corpora amylacea 
are present A large empty cyst, representing the ventriculus termmahs (Kernohan,-^ 
1924), IS eccentrically placed in this tissue It is lined bv layers of poorly preserved 
ependymal cells on a connective tissue substratum Immediately beneath the ependyma, 
macrophages containing yellow pigment lie in an interrupted sheet 

Sections taken further caiidad show a general structure of medullary tissue and a 
narrowed cvstic cavit\ representing central canal or ventriculus termmahs (Fig 5) 
Corpora amylacea are surrounded by pigmented macrophages Glial tissue wraps about 
the ependymal cavity to form the general shape and structure of the spinal medulla 
Case 40 — No 2304, M N I The parents of this male child, age 2Y2, noticed a 
pigmented, elevated spot over the lumbosacral spine shortly after birth Nine months 
before admission a discharge appeared at this point and continued intermittently until 
admission For five months before admission, attacks of chills, fever, opisthotonos and 
vomiting occurred at two to three week intervals The appearance was of recurring 
meningeal irntatioh When admitted he had alreadv had a right-sided hernial repair 
When first seen he lay with his legs drawn up and resented any attempt to extend 
them He had neck stiffness and bilateral absence of ankle jerks Pus could be 
expressed from the draining sinus in the lumbosacral region 

Opeiattoii — A dermoid c\st was found filling approximately two-thirds of the verte- 
bral canal It lay between the conus, at the twelfth thoracic vertebra level and the second 
sacral spine Though subdural, it connected with the skin surface, through a spina bifida 
of the fifth lumbar vertebra, In means of the sinus tract It was opened and was found 
to contain cheesv material, hair and pus, in which were numerous gram-positive cocci 
Patches of purulent exudate were found all along the subarachnoid space as high as the 
ninth thoracic vertebra Lowei down, pus was also found epidurally^ and subdurally 

The right side of the conus continued, for several centimeters, as a greenish core of 
homogeneous tissue — apparently an extension of the spinal cord 

Many of the roots forming the cauda equina were so intimately adherent to the wall 
of the cyst that only^ a subtotal removal was possible Due to the infection, a stormy 
convalescence followed, but he was discharged m a plaster corset four and one-half 
months later 

Pathologic Examination — The removed tissue was seen to consist of stratified 
squamous epithelium, flakes of keratin, amorphous debris, and gram-positive cocci among 
numerous polymiorphonuclear leukocytes Diagnosis Dermoid cyst, infected 

Discussion of Cases Pi esented — Though the actual removal was suc- 
cessful, each of out patients has persisting sequelae In each instance, the 
dermoid lay among the loots of the cauda equina Two of our patients ha 
had an inguinal hernia opeiated upon before the dermoid was discovere 
Twice the cyst was attached to the end of the cord 

In our second case, we were unable to identify any continuation of t le 
filum caudal to the dermoid Cephalad, the filum was cystic and separable 
from the conus by a line of cleavage The ependymal cysts and transi ion 
from fibioblastic into glial tissue in this case are important patioogica y 
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Clinical inteicbt cenlcis about the foituitous needle biopsy and inconstant 
siibaiachnoid block As to pathogenesis, we feel that the “anal fistula” must 
be assumed to have been a pilonidal cyst and part of the original cord of 
epithelium fiom which the deimoid w^as sepaiated Radical excision of this 
pilonidal cyst leleascd lnlla^elteblal attachments Theieaftei, the growing 
del mold suspended fiom the coid jiossibly tugged on the conus and pio- 
duced the symptoms hy lepeated coid injuiy The tumor, therefore, rep- 
lesents the oiiginal point of attachment of the hlum to the skin, from which 
it w'as sepaiated in the noimal giowth piocesses This theorization has 
adequate support in the woik and wiitings of embiyologists as Streeter"*- 
(1919). Keith-* (1933) Joidan and Kindied-** (1926) and Fiazei*^ (1931) 

The c}stic connection hetween coid and deinioid seems analogous to the 
■\estige paiticulail}’’ desciibed h} Fia/ci, wdio states that part of the coccygeal 
coid IS earned up on the conus to foim a small addendum containing the 
distoited lemains of the central canal Beaiing this observation in mind, the 
giadual tiansition fiom glial tissue into the connective tissue of the cyst wall 
assumes unique significance 

The featuies of the thud case aie the associated infected sinus and the 
spina bifida The fact that this deimoid extended to the skin as an ecto- 
deimal sinus 1 elates it to the deimal sinuses as desciibed by Walker and 
Buc}"*** (1934) We agice that these sinuses and the dei molds are but 
stages in the same developmental anomaly 

Di^ciaswit — Of these 40 patients, 21 w^eie male, 16 w'ere female and m 
thice the sex was not mentioned The age at discoveiy, by decades, w^as 
111 St decade, six cases, second decade, foiii cases, thud decade, eight cases, 
fouith decade, ii cases, fifth decade, five cases, sixth and seventh decades, 
foui cases, unknown, tw'o cases The age at onset of symptoms was first 
decade, eight cases , second dccdcle, eight cases, thud decade, ten cases, fourth 
decade, seven cases , fifth and sixth decades, five cases , unknowm, two cases 
The extieme ages at discoveiy lange fiom bnth (an anencephahe monster) 
to 62 years The peiiod of symptoms vanes fiom twm w'^eeks to 19 years 
A long histoiy is moie common Five patients had no symptoms or signs 
lefeiable to the tuinoi 

The tumor sue langed fiom 17x12 cm to tiny subpial growths of from 
4 to 5 Mm m diametei Twm patients had multiple cysts Of the tumois 
wdiere meningeal position is mentioned, tw'o w^eie extiadural, 13 were sub- 
dural, 13 w'eie subaiachnoid and nine w^eie subpial Tw^enty-nine of the 
solitary cysts w'eie below the level of the sixth thoiacic veitebial body All 
or pait of 20, w^eie in the lumbosacial legion Of the 24 patients operated 
upon, 19 lecoveied Thiee of these had a lecuiience, discoveied m one and 
one-half, three, and six yeais, respectively In eight instances, including 
the thiee wnth lecuirence, the cyst could not be completely removed because 
of its peiipheral attachments 

Associated conditions have included anencephaly, Hodgkin’s disease, en- 
cephalitis, influenza, mtiacianial dei molds, neuro-epithelioma, spina bifida, 
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pilonidal cyst, infected sinus tiact, dilatation of the veitebial canal (three 
cases), inguinal heinia, and sarcoma of the kidney All but the last were 
connected in some way with the tumoi and its diagnosis Fioin this infoima- 
tion we conclude that appaieiitly some anomaly of growth may occiii which 
leaves ectodermal cell rests m such a position that the cyst lesulting fiom 
then pi ohferation may he anywheie between the cential canal of the spinal 
cold and the skin surface Symptoms usually appeal befoie the foitieth yeai, 
and most fiequently point to a slowly expanding lesion in the lumbosacral 
segments of the veitebial canal Sharp, shooting pains in the leg, often 
ciicumsciibed in extent, aie a frequent cause of complaint Impoitant asso- 
ciated findings in such patients aic spina bifida, lumbosacial dimple, and 
inguinal hcinia The diagnostic impoitance of a midline lumbosacral oi 
pilonidal sinus is to be emphasized When such cysts are found at operation 
then potential multiplicity and tendency to recui if incompletely lemoved, 
must be boine m mind 


SUMMARY 

(1) A leview"^ and discussion of the hteiatuie, including 37 cases of 
del mold C3^st of the veitebial canal, is made Thiee cases are added 

(2) These cysts pioduce symptoms of slowdy piogressive spinal coid coin- 
piession beginning usually in the second, third 01 fouith decade of life They 
may be present at biith or may not gn'e tiouble till the sixth decade 

(3) Spinal deiinoids have a wncle lange of size They may be multiple 
They may appeal anywheie betw'een the cential canal of the spinal coid and 
the skin stnface, and usually aie in the lumbosacial legion They may dilate 
the boil}'' canal They may be 1 elated to deiinal sinuses and pilonidal cysts 
of the coccygeal legion Inguinal henna may be associated wnth cysts m the 
cauda equina 

(4) Removal must often be incomplete Theiefoie, lecuirence is not 
infrequent 
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SPINAL EXTRADUPAL CYST ASSOCIATED WITH KYPHOSIS 

DORSALIS JUVENILIS 

JvMrs F RounuTsoN, MD, and Ciiardes P Graham, MD 

A\nMiNaTO\, N C 

Si’iAAL cxtiaduial l}sIs aie sufiicicnllv laie and the lesults of their 
opeiatue removal aie so i^iatiljing that fuithei discussion of this interesting 
lesion seems uaii anted lilsbcig Dyke, and BicweU were the fiist to describe 
this lesion, icpoiting foui cases, m 1934 Then seaich of the hteiature failed 
to ic\cal a single instance of a similai case on lecoid, although Lehman,” 
one }cai latci, added two additional cases and w'as able to find lepoits of 
thice othei instances of exti.iduial C}sts, onlj two of which piobably fall 
into the gioup undei discussion Clow aid and Bucy^ w'eie the first to 
iccogni/e and point out the lelationship of extiaduial C3'st as an etiologic 
lactoi in the pioduction of hoin changes within the spine chai actei istic of 
and identical with those occuiimg in kjphosis doi sails juvenilis (the lounded 
humpback of adolescence) In then aiticle which appealed in 1937, they 
cited nine other pioved cases of spinal extiaduial C3st m addition to the 
one the3 lepoited, and found one othci unpioved and umecognized case, 
origmall3 lepoiled 1)3 Blum Since the publication of then papei an addi- 
tional case has been lepoitcd by Kclh ' 

In the jiicscnt communication we wish to lepoit a case of spinal extra- 
duial c3St associated w'lth changes within the spine identical wuth those 
desciihed 1)3 Clow aid and Buc3^'* 

Case Report — II H, colored, imlc, aqc 14, was referred from the Orthopedic 
Clinic of the James WalKei ^fcmonal Hospital, Wilmington, N C , be Dr Alonzo 
Meers of Chai lotto, Is C lie was admitted to the James Walker kicmonal Hospital, 
December 18, 1937 

Six months prioi to admission the child first noticed weakness and stiffness of the 
right leg which gradnalh sjiread to involve the left leg and w'lthm twm months had pro- 
gressed into a complete spastic paraplegia No history of trauma could be elicited At 
no time iiad there been aiu pain, and the child was aw'aie of no subjective change of 
sensation , although at the first examination a supei ficiallj infected, second degree burn 
was found over the left hip, which caused no pain at the time of its occurrence three 
weeks prior to admission Tlieie had been no distui banco in the control of either the 
vesical or rectal sphincteis The geneial health of the child had been good and there 
was no historj of recent illnesses or infections He had leceived no medical attention 
pi lor to admission to the local hospital 

Examination — The ehild w'as an illiteiate but cheerful, well-nourished and well- 
developed Negio boy The temperature, pulse, respiration, and blood pressure were all 
W'lthm normal limits General physical examination show'ed the head, neck, lungs, heart, 
and abdominal visceia to be normal Tlie spine was m good alignment and no evidence 
of a rounded dorsal kyphosis could be demonstrated 

Neurologic examination levealed the cranial neives to be intact The musculature 
and strength of the upper extiemities were 1101 nial and their deep tendon reflexes were 

Submitted foi publication September 29, 1938 
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present and bilaterally equal Hypesthesia was present below the level of the anterior 
spines, the perception of light touch and pin-pnck being diminished below thrieve, 
There was no saddle area of anesthesia Kinesthetic proprioception and position-sense 
were complete y absent in the lower extremities There was motor para^.s of b“th 
lower extremities with marked spasticity No muscle atrophy was discernible, but early 
contracture deformity was beginning to become evident A mass reflex response could 
be elicited on painful stimulation The deep tendon reflexes were markedly exaggerated 
and there was well-sustained clonus both at the ankle and patella A positive Babmski 
sign was present bilaterally 



Fig la — Anteroposterior Mew of the dorsal 
spine Note the thinning of the pedicles of the 
seventh, eighth and ninth %ertehrae with a 
corresponding dilatation of the spinal canal The 
disk between the seventh and eighth vertebrae 
has ruptured into their bodies 





Fig lb — Lateral view of the dorsal spine 
The reproduction is not as clear as the original 
film hut 1 rounding off of the anterior superior 
and anterior inferior borders of the eighth and 
ninth vertebral bodies can be seen 


Spinal puncture between the third and fourth lumbar vertebrae revealed clear, color- 
less fluid under an initial pressure of 70 Mm of water There was no manometnc rise 
on jugular compression, but a sharp response was elicited on firm abdominal pressure 
The spinal fluid contained 15 Ijmphocj'tes and assayed a total protein content of 200 Mg 
per 100 cc of fluid 

Roentgenograms of the spine showed a slight, right lateral scoliosis in the mid- 
dorsal region (Fig 10) The laminae of the seventh, eighth, and ninth dorsal vertebrae 
were thin and their corresponding pedicles were markedly eroded and flattened on their 
medial surfaces The spinal canal was somewhat dilated between the levels of the 
seventh and ninth dorsal vertebrae, inclusive The transverse diameter, as measured by 
the interpedicular space, reached a maximum of 23 Mm , whereas the space immediatelv 
above and below this dilatation measured only 17 Mm and 18 Mm , respectively The 
intervertebral space between the seventh and eighth dorsal vertebrae ivas somewhat nar- 
rowed and there was evidence of rupture of this disk into the contiguous vertebral bodies 
In the lateral view (Fig ib) the contour of the spine was normal The anterior superior 
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and antciioi mfciioi boidcis of the bodies of the eighth and ninth dorsal vertebiae were 
rounded and nidislnicl. lint definite wedging of the bodies could not be demonstrated 
/^KK/iionr — It was plainly eaideiit that w'C weic dealing wath cord compression, most 
likeh due to an e\panding neoplasm in the mid tlioiacic region 

Of'iialton — December 21, 1937 Dndei aceitin and ether anesthesia, the laminae 
ot D IX D X, and D XI were exposed and reinoccd This hiought into view a thin- 
w ailed e\st which bulged down fiom undei the eighth neural aich, filling the spinal 
cinal eiitirch fioni side to side The c\ st was easily pulled down from under the aich and 
was lound to he attaehed to the dm a h\ a single narrow pedicle arising from the dorsal 
surface of the dm a near the exit of one of the posterioi roots The pedicle w'as cut 
between silk iigatmes and the cist lenuned Ibis left a gieatlj dilated spinal canal and 
the laminae o\er this area were seen to he \crc thin The cyst w'as roughlj^ the shape 



Pk 2 — 1 lie inticiit three niul oiielnlf months after operation Note 
the ahiliti to stand on one Itp unsupported, and the crcctness of the spine 


of an egg and measured approximatch 3x-i cm Its w'all w'as thin and translucent and 
contained clear, colorless fluid klicioscopicalh, the C3st w'all w'as composed of thin 
acascular fihious tissue lined watli a single la3er of flattened epithelium similar to that 
of the arachnoid mcmhrai.c 

Poslopci atn’c Com rr — Convalescence was smooth, and on the third postoperative day 
function began to appear in both legs, and thereafter strength and motion rapidly re- 
turned \ bod3 encasement w'as applied wuth the spine in h3'perextension and the patient 
was discharged, January 12, 193S, 22 days aftei opeiation At this time the child was 
able to stand and w'alk wuth assistance 

Subsequent C\auuuatious — April 5, 1938 “The child w'alks wuth a normal gait 
Muscle tone normal Position-sense good Sensation normal Tendon reflexes hyper- 
active, and thcie is still unsustained ankle clonus The plantar lesponse is down” 

June 25, 1938 “Normal muscular strength Romberg negative Knee jeiks normal 
No clonus Abdominal and cremasteric reflexes active Carriage is erect and the spine 
IS of normal contour ” 
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Discussion The clinical pictuie of spinal extradural cyst is remark- 
ably constant and this featuie has been emphasized in every aiticle that has 
appealed on the subject The lesion usually appears in adolescent boys be- 
tween the ages of 12 and 16, but it is not unknown in girls The cj^sts 
seem to have a predilection foi the doisal legion, the majority arising from 
the dura in the midthoiacic aiea usually between the sixth and ninth doisal 
vertebrae Just why they should aiise in this legion is not entirely clear, 
and we have no plausible explanation to offei Elsbeig, Dyke, and Brewer^ 
advance the hypothesis that the cysts may arise either as a congenital diver- 
ticulum fiom the dm a mater 01 as a heiniation of the aiachnoid through a 
defect in the dura Clowaid and Bucy^ conclude fiom their microscopic 
examination of the cyst wall that there is moi e evidence to support the diver- 
ticulai oiigin, although Kelly^ favors the heiniation theory Direct com- 
munication between the cyst and the subarachnoid space has been demon- 
stiated^ ® Unfortunately, the pedicle in the piesent case was ligated before 
its connection with the dm a was severed and a communication with the 
subarachnoid space was not shown Microscopically, the cyst wall is composed 
of avasculai collagenous fibious tissue and its innei suiface is lined by a 
single layei of flattened epithelium similai to the aiachnoid membrane It 
thus seems to contain the elements common to both the dura and arachnoid 
The symptoms of spinal extraduial cyst aie largely those of any othei 
tumor encroaching upon the cord and giving 1 ise to signs of coi d compression 
Weakness and spasticity of one or both legs aie usually the first symptoms 
to appear, which gradually progiess into a seveie spastic paraplegia Pam 
IS usually strikingly absent This seems stiange since most of the cysts 

arise from or neai the exit of one of the posteiior neive roots This seem- 
ing paradox is piobabU best explained by the nature of the tumoi itself, the 
soft, easily adaptable encysted fluid causes very little irritation and hence 
gives rise to no irritative phenomena The tracts lying in the dorsal column 
of the cord are usually seveiely affected Loss of position and kinesthetic 
sense is the usual lule, wheieas the epicritic sense is usually less seriously 
involved Loss of sphincter control is lare, as one would expect from the 
location of the tumor in the thoiacic region Sphmctei distmbances are late 
manifestations and usually indicate seveie coid damage 

The sti iking featuies on examination are the signs that usually accompany 
cord compression and pj^ramidal tiact involvement, le, spastic paiaplegia, 
hyperactive knee and ankle jeiks, sustained clonus, and a positive Babmski 
sign The deep sensibilities aie severely unpaired and the position-sense is 
usually absent Cutaneous sensation to light touch, pin-pnck, heat and cold 
is usually diminished below the segmental level of the lesion, but the changes 
are usually minimal unless the lesion is of long duration 

Lumbar punctuie may or may not show a complete block Even if the 
subarachnoid space is completely occluded, as pointed out by Cloward and 
Bucy,^' there may be a manometiic rise on jugular compression due to the 
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picssuic ti.insmission (luality of the fluid liimoi In thcbe instances, howevei, 
lipiodol injection will demonsli ate the block The spinal fluid may be deal 
oi Kanlhoclnomic, dcpcndini,^ upon the completion and dination of the block 
The total jnotem content of the sjiinal fluid is usually inci eased and m 
some instances mac he cjuite high (200 mg pei cent m the case heiem 
1 epoi ted) 

In the loentgenogiams the most stiikmg changes aie demonstiated 
Changes wnthin the neuial aich aie the eaihest to appeal and latei manitest 
themsehes m the bodies of the veitehiae Elsbeig, Dyke, and Biewer^ focused 
attention on the hioadenmg of the spinal canal at the site of the mtiaspmal 
lesion as measiued h\ the tiansveise mterpediculai diametei The medial 
sm faces of the pedicles aic flattened 01 concave and the thickness of the 
pedicles is gieatl} 1 educed The o\eil3mg laminae aie likewise thin and 
eroded '1 he bodies of the ceitehiae in the latei al view^s, as w^as first demon- 
stiated b} Clow aid,' may show concavity of the posteiioi sui faces wnth 
broadening of the spinal canal Othei changes w'lthm the veitebial body 
chaiactci istic of those seen 111 kcphosis doisalis juvenilis aie usually an ac- 
companiment of these extiaduial c}sts The eaihest change demonstiable 
IS an erosion 01 loundmg ofi of the anteiioi supeiioi and anterioi mfeiioi 
corners of the \eitchial bodies, as desciihed by Scheiirmann " As the piocess 
ptogi esses the iiiteiwci tebial disk may uiptuie into the bodies and the 111- 
\olved veitehiae may collapse anteiioily giving use to a lounded kyphosis 
Clow'ard and Buc) ‘ weic the fiist to lecognizx that the changes occuiring 
within the vertebral bodies m cases of extiaduial spinal cyst wxie identical 
with those occunmg m kyphosis doisalis juvenilis They suimised that these 
\crlchial changes weie secondaiy to the piesence of the mtiaspmal cyst, 
and advanced the hypothesis that the destruction of the veitebial body was 
the result of venous stasis caused by compiession and occlusion of the 
\enous channels chaining these bodies If this theoi} is collect, then it is 
reasonable to assume that this destiuctive piocess ceases to exist upon the 
icmoval of the cyst and that kyphosis if not piesent should not develop, and 
if It aheady exists its jiiogicss should be aiiested piovided adequate pro- 
tection IS given the spine dm mg the peiiod of 1 econstriictive healing, eithei 
m the foim of jilastei jacket 01 spinal fusion Fuither lepoits and observa- 
tion of cases will piove 01 dispiove this theoi y 

SuMMAtn — A case of spinal extiaduial cyst, occunmg m a 14-yeai-old 
Negio boy, is piesented The cyst, containing cleai fluid and lined by 
flattened epithelium, aiose fiom the dm a by a thin pedicle near a posteiior 
nerve loot m the midthoiacic legion It was accompanied by spastic paia- 
plegia and w^as associated with eiosioii of the neuial arches, bioadenmg of 
the spinal canal, and changes within the veitebral bodies identical with those 
ocemnng in kyphosis doisalis juvenilis Complete lecoveiy lesulted from 
its operative lemoval A biief discussion of the symj^tomatology and path- 
ology IS presented 
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CONCLUSIONS 

(1) Paiciplcgia in an adolescent, associated with Inoadening of the neural 
canal and eiosion of the veitebuil bodies in the midthoiacic legion, as 
desciihed by Elsheig, Dyke, and Bieweit’ and Cloward and Bucy,^ is pathog- 
nomonic of spinal extiadural cyst 

(2) Theie is moie evidence that spinal extiadural cyst arises as a hue 
meningeal diveiticulum lathei than as a heiniation of the aiachnoid thiough 
a defect in the duia 

(3) The theoiy, advanced by Clowaid and Bucy,'^ that the destruction 
of the vertebial body lesnlts fiom venous stasis secondaiy to the piesence 
of the mtiaspinal cyst appears to be tenable 

(4) Excellent results can he expected fiom the eaily recognition and 
piompt operative lemoval of the cyst 
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POSTOPERATn’E TEMPERATURE REACTIONS 
REDUCTIONS OBTAINED BY STERILIZING THE AIR WITH 
BACTERICIDAL RADIANT ENERGY^* 

Sr VSON VL V VRI VTIONS 

Dl.R-iL II VRT, M D 

VM) 

S E Upchurch, M D 

Diiiitwi, X ( 

nu)M Tjii nn \UT\n NT oi si H( nn ni ki school oi mioicim vnd iiospitvl, duriivm, n c 

the intioduclinn of slci ili/ation of tlie an into oni operating rooms, 
there was a stnknig nniiio\cmeiit in postopeiative lesults,’ - ^ namely 

(i) Lowei postopciatne tempci atm e elevations 

(j) Shoitei duiation of postopeiative tempeiatnie elevations 

(3) Reduction in the pciccntage of infections 

(4) Impuned wound healing 

(5) Less sex ere sxstemic icactions 

It was soon noted that dm mg the xxaimei months this impiovement in 
icgaid to the elcxation ol tcmpeiatuie and the duiation of elex^ated tempeia- 
tuie following opeiation was not so good as had been the case dining the 
toolet months An anal} sis of 132 individual stages ot extiapleural thoiaco- 
plasty pcifoimcd in a held ot stciile an,‘ shoxxed that dining the xvaimer 
months (M«'i} 15 to Oitohci 15) the numbei of patients 1 mining a post- 
opciatixe tempeiatnie above 38° C (1004° F ) incieased to 49 pei cent as 
coinjiaied to 28 jici cent foi the coolei months (Octobei 15 to May 15) while 
the numhei of ]iatients lunning a tempeiatnie elevation (abox^e 375° C 
[995° P ] OJ" the pieopciatixe lex^el) foi moie than foiii days aftei opeiation, 
incieased to 43 jici cent as compared to 13 pei cent dining the coolei months 

Befoie hegmning stei ih/ation of the an, it had been 0111 impiession that 
the best j)ostopeiatix’’e leactions occuiied dining tbe xvaimei months, at xvhich 
time xve knexv the hacteiial contamination of the an xvas loxx It has already 
been lepoited that, in 0111 occupied opeiating 100ms, the numbei of pathogenic 
01 othei bacteiia floating in the an is gieatei dining the coolei than dining 
the xvaimci months- (Chaits i and 2) Theiefoie, laige opeiative pio- 
cedures of choice xveie postponed until such a time Natuially, xvith steiiliza- 
tion of the an xve obtained the gieatest impiovement m oui lesults during 
those peiiods when the an contamination w'^as highest We weie smpiised, 
hoxx'evei, to find that undei this nexv condition, even though 0111 lesults weie 
impiox^ed thioughout the entne yeai, out gieatest postopei atix^e leactions now^ 
oecuiied dining the summei, at xxdiich time we had formeily obtained our 
best 1 esults It soon became evident that some factoi othei than an contamma- 

* Read before tlic Southern Suigical Association, White Sulphur Springs, W Va, 
December 6, 7, 8, 1938 
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tion came into play dining the wanner months and was the cause of the 
gi eater postoperative tempeiature reactions occmring then 
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Chart i — (A) Contamination of the air of the occupied operation room pre 
domimntly with Staphylococci The graph shows the number of colonies settling 
on i petri dish of blood agar per hour of exposure 

(B) Shows the number of earners of Staphylococci (in the nose and throTt) 
nmong the operating room personnel and in the general popiilTtion 

Some reduction in the number of organisms in the air may ha\e been brought 
about by care in cleaning, isolating and \entilating the rooms and by masking all 
individuals who entered The greatest drop came with the warmer months at 
which time there was a sharp decrease m the number of earners (Arch Surg 
34 , No 5 , 874, May, 193?) 

On attempting to explain this, we thought of the possibility that during 
the warmei months it was moie difficult for the patient to dissipate his body 
heat and consequently his body temperatuie might be higher This may play a 
part but its idle must be limited since there is no inci eased elevation before 
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opeiation oi aftci the fiist few days following opeiation It seems probable 
that jieispiiation may play an impoitant idle m washing oiganisms out of 
deepei, more jiiotected paits of the skin, eithei by the normal flow oi by 
massage and macciation of the wet skin, so that on a hot day the suiface of 
the skin cannot be kept steiile foi moie than a few minutes (Fig i) This 
increases the likelihood of wound contamination fiom the skin of eithei the 
patient oi some mcmbei of the opeiating team The most seveie and the 
onh extensne infection that we have had in ovei 400 clean piimaiy incisions 
perfoimed in a field of steiile an occuiied in the fiist stage of an extrapleuial 
thoracoplasty and lesulted fiom a teai in the opeiatoi’s glove on a veiy hot 



CiMRT J — W'cekh culture*! of the nir of nn openting room during occupincj The cultures 
uert nndc h\ exposing i petn diah of blood ngir to sedimentition from the oir for one hour Aftei 
inculnting the phtes for 4b hours the colonies were identified nnd counted Note the low totil count 
ind portictilnrh the few hemohtic jellow Stiplij lococci during the warmer months There was a 
close correlation between the intcnsit) of the growth of these organisms in the noses and throats 
of the occupants of a room and the degree and t\pc of bacterial contamination of the air in his room 


summei da} A laige quanlily of peispnation ran into the w'ound Even 
though this was w'ashed out immediately and as thoioughly as possible wnth 
sterile physiologic salt solution, the patient’s tempeiatuie lose to 40° C within 
24 houis, and the w^ound became extensively infected The patient recoveied 
following adequate diainage 

In 01 del to obtain a moie accuiate evaluation of the seasonal vaiiations 
in the postopei ative leaction of the patient as indicated by the tempeiature 
elevation and its duiation, we analyzed thiee gioups of patients Some of 
each giou]) had lieen opeiated upon with and some wnthout ladiation of the 
ail The temperatuie chaits w'eie taken as an index of the postoperative 
reaction since the clinical theimometei is a highly accuiate mstiument and 
the recoids w'eie made by a laige numbei of muses who had no idea that 
they weie to be used othei than as an accurate lecoid of the patient’s course 
Nothing w^as left to the interpietation of the doctoi who might be piejudiced 
m favoi of an sterilization 

Group I — Extiapleuial Thoiacoplasties These aie taken since they are 
operations of gieat magnitude, with inevitalile trauma, complete hemostasis 
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IS difficult to obtain, it may not be possible to obliteiate the dead space, and 
in oin cases continuous catgut has been used foi the buiied sutuies ’ihe 
disadvantage of this t3qDe of case is that the tempeiatuie leaction may come 
from a stniing up, oi an extension ot the tubeiculous piocess Ho’wevei, this 
vill usually be equalized m a laige numbei of operations 

Group IT— Inguinal Heinioi rbaphies These aie ideal in that they aie 
clean incisions in otheiwise health^' individuals d hej^ aie, however, small 



Tig I — Phofogiaphs of one of nnny senes of 48 hour cultures of perspiration 
made from the skin of the hands of four members of the operating team (or opera 
tive region) The organisms are piedominantly white Staphalococci Cultures of 
the hands made immediately following then preparation for the operation showed no 
gi ow th 

J " 

operative pioceduies and should show little leaction oi infection even without 
sterilization of the air (in our hospital 3 6 pei cent, all mikP) In this group 
of cases, since this was not a planned expeiiment, but a leview of opeiations 
aheady pei formed, most of the laigei heiniae in obese individuals aie in the 
group with radiation A higher percentage of the sinallei heiniae, in vhich 
infection is less likely to occur, are in the group without ladiation This should 
be kept m mind m inteipieting the charts since one would expect the greatei 
postoperative reaction following the larger operation Also in this group with 
radiation two of the highest leactions occuiied in two chikhen of one and 
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onc-half and two }cais of age, who had llien henna lepaned undei ethei 
anesthesia (Chaits 4 A. 7 A, and 10 A — June and July) It is oui im- 
picssion that ^el\ 3011114 childien opeiated upon undei ethei anesthesia fie- 
quenll} lun a lelatl^el^ high postopeiative tempeiatuie 
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tinRT;} Cn\RT4 

C HART 1 — Aacfihl (luntion of cItATttd tciniicnture folloninu e\tripleurnl thoracoplasties (lecoided 
liA month of opcruinii) (A) With I> icicricidal radiation {B) \Vithoiit bactericidal radiation 

file following points should Iil noted in Charts i 4 and 5 

(1) Wall bactericidal ridiation there w is a reduction in the aeenee duration of elevated teni 
peratiire throuRhout the entire scar 

(2) The reduction in the asernre duration of clceated tcniperatiire when the air was sterilized 
ms frreatest when the hicterial contaniination was liiBhcst (Compare A with B and correlate with 
Charts i and 2 ) 

(1) W'lthoiil radiation the decrease in the aecraRc eluration of postoperatise temperature elevation 
duriiiR the w inner months was not as (,rcat as the drop in air contamination (Charts i and 2) 

(4) W'lth sterilization of the air the postopcratisc tcniiicraturcs were of the longest average duration 
during the warmer months 

(5) Paragraphs three and foui aho\e suggest tint during the warmer months some condition other 
th in ur contamination enters the picture and causes the increased systemic temperature reaction This 
condition may he the increase in the tcniperatiire and hiiinidify of the sui rounding air, but it seems 
more likely to he an increase in the wound contamination brought about by the bacteria in the perspira 
tion resulting from this high tcmperatuic and liuiiiidity level 

Chart 4 — Average duration of elevated tempcratuie following inguinal herniorrhaphies (recorded 
In month of operation) (A) Wbfh Incfcricidal radiation (B) Without bactericidal radiation See 
legend appended to Chart 3 for points of special interest 

Part of the higher average elev ition ind longer average duration of elevated temperature during 
June and July whete radiation was used was caused by operations on two young children (one and a half 
vears old for June and two vcais old for July), under ether anesthesia Children of this age are 
more likely than adults to run a higher and longer temperature elevation following any operation under 
ether anesthesia Part of the temperature leaction dining February with radiation was caused by a 
postopeiative parotitis 


Group III — Radical Mastectomies These foim a veiy poor gioup foi 
study since the opei ation leaves the skin flaps with a poor blood supply As a 
lesult, the skin may slough and secondaiy suiface infection may follow In 
addition to this, three of the cases in which ladiation was used showed ulcera- 
tion befoie opei ation These thiee cases had a mild infection in the incision 
following opei ation and these alone accounted foi thiee of the highei tempera- 
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tuie lecoi dings noted in Chaits 5 A, 8 A and ii A (Februaiy, March and 
Octobei) Such ulcerated cases weie 1 tiled out in statistical analyses for 
postoperative wound infections in clean pi unary opeiative incisions both in 

WITH & WITHOUT 
BACTERICIDAL RADIATION 

OF THE AIR AND OPERATIVE FIELD 


AVERAGE DURATION OF ELEVATED TEMPERATURE 
FOLLOWING RADICAL MASTECTOMIES 



WITHOUT 938989810956 I 0 — O 
WITH 875578 342237 • 

NUMBER OF CASES 


Chart s — Average duration of elevated temperature follovv 
mg’ radical mastectomies (recorded bv month of operation) (A) 

With bactericidal radiation (B) Without bactericidal radiation 
Note that for three months February March and October, the 
average temperature duration each month was increased for the 
group with radiation by one mild wound infection resulting from 
an ulcerated infected tumor present at the time of operation in 
curve B (without radiation) there v\as a very short average dura 
tion of elevated postoperative temperature during January beoru 
ar> and March so this graph does not follovv the curve shown in 
Chart 3 Radical mastectomy wounds are a poor selection for this 
study since, in addition to the cases showing ulceration beiore 
operation, the impaired blood supply m the large skin flaps mJiy 
result in sloughing with the possibility of secondary, locaUzed, 
superficial infection which may cause a low grade temperature re 
action until healing is complete Compaie with Charts 3 ana 4 ana 
see legend appended to Chart 3 for points for special consideration 

the iddiated and nonradiated groups These ulcerated cases were, therefore, 
not included in previous reported statistics on operating room infections 
Each of the three groups of opeiations were divided into two series, one 

296 


A olnnic 110 
Number 2 


POSIOPER \TIVE TEMPERA lURE REACTIONS 


including all opeiations peifoimed in a field of stenle an and the othei, all 
ihoNe peifoimed without an stei ili/alion 

Foi both beiieb of each gionp, evciy opeiation was lecoided m the month 
dining which it was peifoimed Thiee chaits w’^eie made of each senes, so 
aiiangcd as to comjiaie the lesiilts in senes A, wdieie bactericidal ladiation 
was used, with the icsiilts m senes P), wheic ladiation w^as not used Foi 
both senes m each giouji, the chaitmg by months show'^s at a glance the vana- 
tions dciicndcnt on the tunc ot 3cai and a companson of A with B m each 
gioup shows the iclatuc nnpioccment hi ought about b}" ladiation of the an 
dining each month of the }eai 

The a\ciage duialion of elevated tempciatuie following opeiation is showm 
by months foi 


Groi V I Ifxtiaplcinal 1 'hoi neoplasties 
GroL'P II Inguinal llcmionhaphics 
Grolp III Radical Mastectomies 


I 


A — with ladiation 
B — w'lthout radiation 
A — with ladiation 
B — wuthout radiation 
A — wnth ladiation 
B — without radiation 


Chai t 3 
Chai t 4 
Chart 5 


The maximum tempciatuie elevation foi eveiy case (highest point at, oi 
aboAc which theie aie moic than tw'O lecoi dings) expiessed in peicentages of 
the total numbei of such opeiations peifoimed undei similai conditions duinig 
the month is show n b) months foi 


Grolp I Extiapleuial Thoiacoplasties 
Group II Inguinal I-Icinion haphies 


Group III Radical jMastectomies 


A — wnth ladiation 
B — wnthout radiation 
A — wnth ladiation 
B — W'lthout radiation 
A — w'lth ladiation 
B — without radiation 


Chat 1 6 
A, B 
Chai 1 7 
A, B 
Chai 1 8 
A, B 


In these chaits each case is placed in the division (37°-37 5°, 37 6°-38°, 
38 I “-38 5°, 38 6°-39° and 39°+ C ) in which it falls The numbei of cases 
in each division is then expressed as a percentage of the total number of cases 
foi the given month to give Chaits 6, 7 and 8 

Eveiy lecoided tempeiatuie foi eight days followung opeiation (taken at 
four-houi mteivals when the patient is running any elevation, otherwise eveiy 


*If there was any clifFeience in the general operating room technic it was less rigid 
wheie air sterilization was used than wheie it was not used This is particularly true of 
the thoracoplasty and mastectomy groups and applied especially to skin sterilization, mask- 
ing, number of visitors allowed, time selected for operation, and the duiation of occupancy 
of the room before operation The question of difference m masking has been raised 
fiequently Two laige gauze masks each eight thicknesses of butter gauze were worn 
over the nose and mouth during many of the thoracoplasties without radiation, while only 
one was worn, without other covciing, foi most of the thoiacoplasties with radiation 
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Chart 6\ 
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TEMPERATURE ELEVATIONS FOLLOWING EXTRAPLEURAL THORACOPLASTIES 
PERCENTAGES BASED ON THE HIGHEST TEMPERATURE FOR EACH OPERATION 
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(101 5*- I 02 2*F) 



38 r-36 5*C 
(I006*-I0I 3 F) 
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Ch\rt 6B 

Chart 6 — ^laximum temperature ele\ations following extrapleural thoracoplasties 
(A) With bacteiicicl'il radiation (B) Without bactericidal radiation 

Each operation is placed in the month during \>hich it was performed and in the high 
est temperature group (37°"37 S°» 37 6°-38® 38i°-38 5“. 38 6°-39° 39 i°-fC ) 

above which there are as man> as three recordings duiing the postoperative course ine 
number of cases in each temperatuie group is then expressed as a percentage of the total 
number of thoracoplasty operations performed during that month This is done to tacilitate 
comparisons, since the total for each month is 100 per cent regardless of the number ot 
operations performed The total number of cases on which the percentages are based is fci%en 

beneath each month ^ ^ a a «..aI ♦Iip 

Special attention is called to the same fi\e general points of inteiest in regard to ^iie 
elevation of temperature in Charts 6 7 and 8 as are given for the duration of temperatiire 
in the legend for Chart 3 (See legend for Chart 3 substituting a%erage election for a\er 
age duiation of tenipei ature) 
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Chart yA 

WITHOUT 

BACTERICIDAL RADIATION 

or THE AIR AND OPERATIVE FIELD 

TEMPERATURE ELEVATIONS FOLLOWING INGUINAL H ER N 1 OR RHAPHIES 
PERCENTAGES BASED ON THE HIGHEST TEMPERATURE FOR EACH OPERATION 

EACH OPERATION IS PLACED IN THE MONTH DURING WHICH IT WAS PERFORMED AND IN THE HIGHEST TEMPERATURE 
GROUP IN OR ABO/E v/HlCH THERE ARE AS MANY AS THREE RECORDINGS DURING THE POSTOPCR ATIVE COURSE 
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Chart 7 B 

Chart 7 — Maximum temperature elevations following inguinal herniorrhaphies (A) With bac 
tenciclal radiation (B) Without bactericidal radiation 

The method used in making the chart and the reason therefor are gnen in the legend for Chart 6 
The special points for consideration in regard to the elevation of temperature are similar to those given 
for the duration of temperature elevation in the legend to Chart t See legend to Chart 4 for note 
about higher temperatures on two small children operated upon dining June and July, and one patient 
with postoperative parotitis operated upon in Fehruar> 
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BACTERICIDAL RADIATION 

OF THE air and operative FIELD 

TEMPERATURE ELEVATIONS FOLLOWING RADICAL MASTECTOMIES 
PERCENTAGES BASED ON THE HIGHEST TEMPERATURE FOR EACH OPERATION 

PLACFD IN THE MONTH DURING WHICH IT WAS PERFORMED AND IN THE HIGHEST TEMPERATURE 
GROUP IN OR ABOVE WHICH THERE ARE AS MANT AS THREE RECORDINGS DURING THE POSTOPERATIVE COURSE 
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Chart 8A 
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WITHOUT 

BACTERICIDAL RADIATION 

OF THE AIR AND OPERATIVE FIELD 

TEMPERATURE ELEVATIONS FOLLOWING RADICAL MASTECTOMIES 
PERCENTAGES BASED ON THE HIGHEST TEMPERATURE FOR EACH OPERATION 

Each operation is placed in the month during which it was performed and IN THE HIGHEST TEMPERATURE 
GROUP IN OR ABOVE WHICH THERE ARE AS MANY AS THREE RECORDINGS DURING THE POSTOPERATIVE COURSE 

PER CENT 
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Chart 8 — •JIaxtmum temperature elevations following radical mastectomies (A) \\ itli baclc 
radiation (B) Wit' out bactericidal radiation r - „,.»n m tlie leeend for Chart (5 

The method used m mihmg the chart ’^'^'^f^Lmn^pr^ture are similar to those gnen 

The points for special consideration in regard to the eleaation of temperatu 
for tile duration of the temperatuie elevation in the legends to Charts 3 a 5 
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POSTOPERAIIVE lEMPERATURE REACTIONS 


foul houis except at 12 midnight and 4AM when the patient is sleeping) 
on evci} patient is showm by months foi 


Group I Extiapleinal Thoi neoplasties 
Group II Inguinal Heinioiihaphics 
Group III Radical Mastectomies 


I A — wnth ladiation 
|B — wuthout radiation 
I A — wuth 1 adiation 
[B — wMthoul 1 adiation 
I A — wuth 1 adiation 
^B — wuthout radiation 


I Chai t 9 

/ a,b 

I Chait 10 
/ A,B 
I Chai 1 1 1 
/ A,B 


In piejiaimg Chai Is 9 lO and 11, evei y lecoided tempeiatuie foi eight 
da}s follow’ing opciation w'as jilaced in the appiopiiate division (37°-37 5°, 
37 6°-38° 381 “-38 3°, 38 6°-39° and 39°+ C ) and the total numbei of 
lecoi dings m each division w'as then expiessed as a peicentage of the total 
such lecoi dings foi the gnen month The total numbei of opeiations foi each 
month IS shown at the bottom of the chaits 


11 11 Cl 01 liAClLRlClOAL RXOIATION 01 Till: AIR 

\\ ithout stei ih/ation of the an. the aveiage duiation of the postopeiative 
temjieiatuie clcwation was longest when the an contamination w^as high and 
shortest when the an contamination w^as low' With stenlization of the an, 
theie was a i eduction m the aveiage duiation of elevated postopeiative tem- 
j'eiatuie loughh piopoitional to the degiee of an contamination (compaie A 
with B 111 Chaits 3 4 and 5 and con elate wnth Chaits i and 2) Theie was 
a similai i eduction in the aveiage highest elevation of postopeiative tempeia- 
tuie (comjiaie A with B 111 Chaits 6, 7 and 8 and con elate wnth Charts i 
and 2), and 111 the height of the total tempeiatuie recoi dings foi eight days 
following opeiations (compaie A wntli B 111 Chaits 9, 10 and ii and con elate 
w'lth Chaits I and 2) 

SUASONAL VARIAllONS IN Till: POSTOPURATl VH TEMPERATURE REACTION 

Jl’/ien bactci icidnl 1 adiation t(^as not used, the average duiation of ele- 
vated tempeiatuie w'as definitely shoitei dunng the eailiei of the warmer 
months 111 extiapleinal thoi acoplasties, Apnl thiough July, (Chait 3 B) and 
111 inguinal heniionhaphies, Apnl thiough June, (Chait 4 B) Radical 
mastectomies (Chart 3 B) did not show' such a chop since the cuive was very 
low foi Januaiy, Febinaiy and Maich but it w'as also low dunng Apnl, May 
and June as compaied to July, August, and Decembei The chaits showing 
the highest postopeiative tempeiatuie elevations foi each case (Chaits 6 B, 
7 B and 8 B) and those showing eveiy tempeiatuie lecoidmg foi eight days 
following opeiation (Chaits 9 B, 10 B, and ii B) have similar low' lecoi dings 
for the eailier waim months, Apnl thiough June All the charts (3 B 
through II B) showed a use during the latter pait of the warmer months 

With the mtioduction of stenlization of the an by bactericidal radiation, 
as noted above, theie was little 1 eduction m the temperatuie elevation and 
little shoitening of the duiation of elevation dunng these wanner months when 
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VoUinip iin 

Sumlm - 


POSTOPERATIVE TEMPERATURE REACTIONS 


V/tTH WITHOUT 

BACTERICIDAL RAOIATIOM Q^CTCRiCtQAL ,_R. 


or THC Am NO OPCn^Ttvc viclD opCRaTivc ntLO 



(.ii\RT 10 — ll\er\ recorded tenipentiire for eight days following inguiml herniorrlnphies (A) 
Vi ilh hictericulal radntion (B) Without b'lctcncid'il radiation 

The percentages are based on c\er\ recorded temperature for eight da>s following operation See 
legend to Chart g for note as to how the chart was prepared and the reison theiefor This chart Ins 
the same relationship to Charts 4 and 7 tint Chart 9 has to Charts •? and 6 See legends to Charts 4 and 
7, and the legend to Chart •) foi fne points for special consideration 


WITH 

BsCTCaiClPse RADiyriON 

Of IMC Al* Ato OAtHAtlVt ntl.& 

TEMPERATUgE_ ELEVATIONS FOLLOWING RADICAL MASTECTOMIES 
PERCENTAGES BASED QN EVERY RECORDED TEMPERATURE FOR THE FIRST 



WITHOUT 

pACTERICIDAL RADIATION 

or IhC All* ANO onRittivc riClD 

TEMPERATURE FIFVATlONS FOLLOWING RADJQ AU MASTECTOMIES 
PERCENTAGES BASED ON EVERY RECORDED TEMPERATURE FOR T>€ FIRST 
EIGHT POSTOPERATIVE DAYS 

KRCtNT PtRCEWT 
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Chart iiB 


Chart 1 1 — Every recorded temperature for eight days following radical mastectomies (A) With 
bactericidal radiation (B) Without bactericidal radiation 

The percentages are based on every recorded tempeiatuie for eight days following operation See 
legend to Chart 9 foi note as to how the chart was prep ired and the re ison therefor This chart has 
the same relationship to Charts s and 8 that Chart 9 has to Charts 3 and 6 See legends to Charts 5 
ind 8 and the legend to Chai t 3 foi five points for special consideration 
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the an contamination is lowest When the an is steiili/cd we have the 
highest and most piolongcd fenpiciatme leattions duiing the waimei months 
It can also he noted that wheie ladiation was not used (13 in Chaits 3 thioiigh 
ii) the chop in the aveiage duiation of elevated tempeiatuie and aveiage 
height of elevation was not as gieat as the drop in the amount of air con- 
tamination (compare A and 13 Chaits 3 thiough ir and coi relate with Charts i 
and 2) 

Comment — It seems to me that we have two conditions which vary with 
the time of yeai and that each has its effect on the postoperative teinperatuie 
leaction One of these is air contamination, which is quite variable with peaks 
and depiessions thioughout the yeai but m geneial is higher during the 
wmtei, may drop duiing Apiil 01 Aflay and begin to use again from July to 
Septembei or Octobei (Charts i and 2) This contamination can, to a large 
extent, be oveicome by stei ihzation of tbe air, and the results of this steriliza- 
tion aie seen by compaiing A with B m the chaits The other condition is 
the temperatuie and humidity of the outside an, which may affect the patient 
directly by its influence on the dissipation of body heat 01 more indirectly by 
inci easing perspiration, which facilitates the passage of bacteiia out of the 
deepei layeis of the skin, eithei diiectly by flow 01 indirectly by massage and 
maceiation of the wet skin duiing the opeiative pioceduie This contamina- 
tion of the skin suiface impaiis our sterile technic and predisposes to wound 
contamination In oui section of the countiy, the general temperature and 
humidity of the air, with its lesultant effect on the individual causing an 
inciease m peispiiation, 1 caches its peak duimg July and August, but may be 
of some significance from May thiough Septembei During April, May and 
June, the air contamination is usually low while the temperature and humidity 
are such that excessive perspiration is raie Our best postopei ative results 
without air sterilization occur duiing this period During July and August, 
the air contamination is usually low but excessive perspiiation is at its peak 
foi the yeai From April or May thiough July or August, we aie less likely 
to obtain leinaikable 1 eductions in tbe postopei ative teinperatuie reactions 
by sterilization of the air, while duiing July and August, contaminated per- 
spiiation may cause an mciease in the intensity of this leaction either with 
or without sterilization of the an Dining Septembei and^ Octobei, with the 
cessation of excessive peispiiation, theie may be vaiymg degrees of mciease m 
the an contamination In so fai as this increasing an contamination causes an 
increase m the postoperative temperatui e reaction, we can obtain impi ovement 
by stei ilization of the air These geneial suigical pimciples, howevei, will m 
geneial be 1 datively stable with any operatoi working m the same operating 
room with a constant peisonnel Local and general lesistance of the patient 
may play an impoi taut part m the 1 eaction m the wound and may vary widely 
with different individuals and with opeiations 111 different parts of the body 
Paiticulaily m the case of mastectomies, the local lesistance may vaiy greatl} 
as the lesult of variation m the amount of fat piesent and the blood supply 
available to all paits of the flaps In ceitam cases without primary infection 
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sloughs develop in the skm flaps Seconda'iy infection is then inevitable and 
may cause slight but piolonged elevation of tempeiatuie Thiee of the patients 
m the gioup of mastectomies with ladiation had ulceiated lesions befoie opeia- 
tion, and following opeiation then wounds became mildly infected Even 
though the ulceiated aiea was entnely coveied duiing the opeiation, these pa- 
tients lan a definitely inci eased iisk of infection as a lesult of cutting acioss the 
lymphatics which diained the ulceiated aiea These thiee infections accounted 
foi thiee of the peaks of tempeiatuie elevation and duiation where ladiation 
was used (Chaits 5 A, 8 A and ii A — Febiuaiy, Maich and October) Chil- 
dien having a geneial anesthetic aie moie likely than adults to lun a relatively 
high postopei ative tempei atui e elevation This accounted foi two of the higher 
tempeiatuie levels in heinioiihaphies peifoimed with ladiation (Chaits 4 A, 
7 A. and 10 A — Tune and July) 

Summary — (i) In the well-iun, modem opeiating loom air contamina- 
tion by pathogenic bacteiia is the gieatest souice of dangei of wound con- 
tamination as indicated not only by gioss suppuiation m the occasional case 
but by an inci eased local and systemic leaction m many patients whose 
wounds nevei shou evidence of gioss suppuiation Ovei 95 per cent of this 
dangei of contamination fiom the an can be eliminated by steiihzation of the 
ail with bacteiicidal ladiation’ - * ■* 

(2) In the occupied opeiation loom this an contamination is, m geneial, 
much low'd dm mg the w'aimei than duiing the coolei months 

(3) Without ail steiihzation the deciease m the postopei ative leaction of 
the patient duiing the summei is not as gieat as the 1 eduction in the an con- 
tamination with pathogenic hacteiia 

(4) Wuh the elimination of an contamination by steiihzation, the post- 
operative leaction of the patient is gieatei duiing the waimei months than 
duiing the coldei months 

(5) Thiee and foui in the summaiy can be explained by the role which 
peispiiation may play in pioducing w'ound contamination by washing bacteiia 
out of the deepei layeis of the skin duiing the opei ative pioceduie 

CONCLUSIONS 

Befoie the mtioduction of antiseptic and aseptic suigeiy, contact con- 
tamination of opei ative wounds played by fai the majoi role in operating 
loom infections, so that despite the emphasis jdaced by Listei on the an as a 
soui ce of dangei it came to be ignoi ed 

With the gieat 1 eduction m contact contamination bi ought about by the 
development of aseptic suigeiy and the improved local lesistance of the 
patient brought about by impioved hemostasis and the development of lela- 
tively atiaumatic suigeiy, opeiations of piogiessively inci easing magnitude 
weie perfoimed With the elimination of most of the contact tiansfers of 
laige numbeis of bacteiia m operative pioceduies, the fewei bacteiia floating 
in the ail have assumed the place of majoi impoitance to-day This same 
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method of tiansfei piobably plays an impoitant idle m the spieacl of ceitain 
infectious diseases, paitiailaily those affectini^ the icspiiatniy passages '' ' 
In the small incisions made in indnidnals in vigoions health with minimal 
tiaiima, good hemostasis, noun i itating siituics and hgatuies, and located in 
healthy tissue wheie dead space can he ohhteiatcd and the pait kept at lest 
during the eaily stages of healing, the few mildly pathogenic oigamsms enter- 
ing fiom the an will very laiely cause suppuration As we diveige from these 
moie or less ideal conditions and opeiate upon the patient who has less general 
lesistance, cairying our larger proceduies m which a greater amount of 
tiauma is inevitable, m which complete hemostasis is difficult to obtain, at 
times 111 tissues of lowered lesistance, possibly with dead space ■which cannot 
be obliteiated oi parts which cannot be immobilized oi with the use of catgut 
which may at times be indicated, occasional 1 }^ with the necessity of inserting 
diains, and dining epidemics of lespiratoi}'^ infections when not only may 
the numbei of bacteria but the pathogenicity of the bacteiia in the an be in- 
creased, the dangeis of the wound’s becoming infected with oigamsms diop- 
ping out of the air becomes pi ogressively gieatei Undei any given condi- 
tions the local and systemic i eaction of the patient is greatei when more viru- 
lent oigamsms in largei numbei s enter the wound 

With the elimination of the air as a source of wound contamination, pei- 
spiiation assumes a position of major impoitance By continuously ivashing 
bacteiia out of the protected deeper layeis of the skin it prevents the main- 
tenance of stei ihty on the surface of the skin of the patient which may at times 
be exposed m the opeiative field, contaminates the steiile gowns of the team, 
and accumulates, in quantity, m the rubber gloves from which it may be 
expiessed into the wound if an accidental punctiiie occuis Peispiiation may 
thus help account for the fact that m the summei months there is a greater 
postopeiative temperature i eaction than would be expected with the low air 
contamination Likewise, the results obtained by sterilization of the an aie 
not as sti iking during the waimer months as they aie duiing the coolei pait 
of the year when the air contamination is greatei 

Air conditioning with the elimination of perspiiation may bring us aiiothei 
step neaier that probably unattainable ideal of opeiatmg without the eiitiance 
of any bactei la into the wound 
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in the NasopliaryiiN: of Its Occupants Coi relation with Contamination of the An in 

the Opeiating Room Aich Surg In pi ess 
Wells, W F, and Wells, M W Air-Boine Infections JAMA, 107, 1699, 1936 
"Wells, W F, and Wells, M W Air-Botne Infection JAMA, 107, 1805, 1936 

Discussion — Dr Reginald H Jackson (Madison, Wis ) Histoiy, I 
am sine, \m 1 I lecoid an evei inci easing debt of giatitude to Halt and his col- 
leagues foi then pioneei woik in calling attention to the hitheito generally 
ovei looked fact that entn ely aside fi om the long-recognized soui ces of clinical 
wound infection, such as impel feet steiilization of mstiuments, ligatuies, 
gloves, etc , there exists a most potent direct soui ce of wound contamination 
and infection in the an of the opeiating lOom, one which stiikes with a fre- 
quency and viciousness m diiect i elation to First, the numbei of human 
hemgs 111 the room and, second, the time of the year, the peak of clinical 
W'ound infections synchiomzmg wuth the peak of upper respiiatory infections 
of humans 

All suigeons, wuthout exception, must be aroused to a lenewed interest m 
this subject Thiough the scientific investigations of Hart, Ives, and Hirsch- 
field, J Staige Davis and others, the following statements may be accepted as 
unequn ocally ti ue 

(1) That piacticall)'^ all operating rooms contain, m the an, on the floors, 
walls and ceilings, more Staphylococci and, at times, hemolytic Streptococci, 
than any othei department m the hospital except the nose and throat depart- 
ment 

(2) The Staphylococcus auieus is the pimcipal and general souice of 
infection of clinical w'ounds 

(3) These infecting agents gam dnect entiance to the wound by precipi- 
tation fiom the an ovei lying the w'ounds, and by dioplet infection 

(4) Eveiy wfound made h)'’ the surgeon is contaminated and potentially 
infected m direct propoi tion to its size and the length of time of its exposure 

(5) There aie nearly always in the loom, caiiieis of Staphylococcus 
auteur 01 hemolytic Streptococcus 

(6) The suigeon himself may unwittingly he a caiiiei 

(7) A run of such cases always means that the an of the loom contains 
(as pioved by cultuie) a highei percentage of these oigamsms than noimally 

(8) While the average incidence of such baleful clinical wound infections 
IS fioni 4 to 6 pel cent (heietofoie lecognized as an ii reducible minimum), it 
at times rises to i8 to 20 pei cent 

(9) A scientific bacteiiologic check-up on eveiy link m the so-called 
aseptic chain may achieve a 100 pei cent credit, and yet the incidence of 
clinical wound infections continues at two to three times the average 

Ceitainly we all know that it is within the pow'^ei of the surgeon to change 
a contaminated, potentially infected tiaumatic wound into a clean one which 
will generally heal per primam, thiough debiidement and thoiough cleansing 
with soap Why — in view^ of the fact that neaily every wound made by the 
surgeon may be pioved to be contaminated wnth Staphylococci from the air — 
should we not apply the same “debacteriahzmg” method^ Objections on the 
basis that it would be a messy, unsurgical and unnecessary procedure that 
would violate the great surgical principle of keeping the wound as dry as 
possible, and would militate against ideal wound lepaii, aie annihilated by 
actual tiial of the method m over 200 instances, piovmg that instead of 
militating against primaiy union, it actually msuies ideal wound repaii and 
loweis the incidence of clinical wound infection jiiactically to the vanishing 
point 
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TliGi e will always be instances of secondaiy wound infection, as uncon- 
ti ollable factois aic involved entiiely aside from the presence of bacteiia in 
tbe wound Whether the “debacterialization” of a clinical wound is accom- 
plished befoie closure by this method oi by the Hait method is immaterial, I 
am convinced that suigeons should and will use one oi the othei until some- 
thing bettei olfeis We have been hypnotized too long by the phrase “the 
aseptic chain technic, ’ overlooking the factoi of dnect an contamination 
which Hai t and othei s ai e again calling to oui attention Any surgeon who 
doubts the veiity of these contentions may, and should, lepeat the tests undei 
the supervision of a bacteriologist and foievei be disabused of the idea that it 
IS all nonsense 


Dr Waltman ^^'ALTERS (Rochestei, Mmn ) It seems to me that this 
epochal study, clinically as well as expeiimentally, deseives moic consideia- 
tion by this Society as well as b}'^ othei suigical societies than has resulted to 
date It caiiies a gieat deal of economic as well as medico-legal significance 
1 would like to see this topic chosen foi piesentation at a simiposium at the 
next meeting of this Society To change the set-up in opeiating looms 
thioughout the counti}' will entail consideiable expense, which must be home 
by the patient in the long lun It will be mteiesting to note the lesults which 
othei surgeons obtain m closed, iiiadiated opeiating looms 

At the Mayo Clinic, we aie able to obtain consent foi poslmoitem e'^amina- 
tion in appioximately 90 pei cent of cases Foi 14 yeais I have studied the 
causes of death aftei opeiations on the biliary tiact and stomach, and the 
outstanding thing has been the infiequency with which infection of wounds 01 
intrapeiitoneal infection has played a pait unless thcie was an associated 
toxemia 01 debility 01 unless a seveiely infected lesion was being opeiated 
upon In the cases which I studied, the failuie to lecovei aftei suigical 
pioceduies was caused pimcipally by pulmonaiy complications such as infec- 
tion, infaicts 01 embolism 


Doctoi Hart stated that, m the late summei months, when peispiiation 
IS more active than at othei times, the incidence of infections inci eases Might 
that not be a mattei of loweied lesistance of the patients aftei passing thiough 
extremely hot weather, m which we know the physiologic lesistance of the 
patient as well as of the doctoi is 1 educed, lathei than an increase in the 
frequency or viiulence of the infection^ Doctor Halt has stated, I believe, 
that the tempeiatuie and pulse late indicate the degree of infection Might 
it not be that infections in othei parts of the body, in the lespiratoiy tract 
and uiinaiy tract paiticulaily, which fiequently occui immediately after 
opeiation, are partly lesponsible for fevei 01 inciease of pulse rate^ 

Theie is another factor in the stud}^ which I think deseives consideration 
What IS the effect of such iriadiation in a closed opeiating 100m ovei long 
peiiods each day on the people who woik in that 100m, such as the nurses, 
interns, anesthetists and the suigeons^ We aie studying the effect of a 
stiong light used m the operating field on fatigue of the eyes of the surgeon 
and assistants There are many possibilities foi studying the effects of the 
performance of surgical piocedures on the suigical team itself, such as the 
effects on the surgeon’s blood pressure after two or three operations have 
been cairied out, the fatigue of the eyes, muscles and nerves, and so forth 
Has Doctor Hart studied these questions in relation to irradiation of the 
operating room as far as the peisonnel of the operating room is concerned 
That, it seems to me, should be an impoitant part of the study If this method 
of sterilization of the suigical field plavs a lole in the reduction of incidence 
of infection, we must be prepared to withstand ciiticism for failuie to use it. 
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if infections of wounds should cleA'elop I hope that theie will be some 
suigeons who cdso uill study this pioblem fiom the points of Anew of the set-up 
ot opeiatmg looms m geneial use to-day 

Dr IsADORi: Cohn (Neii Oi leans. La ) Theie aie two oi thiee thoughts 
AA'hich Ime occuiied to me, and I belieA'e many of them could be ansAveied 
veiy definitely almost by a using vote Do the membeis of this Society have, 
geneialh, so laige a peiccntage of Avound infections, not under iiiadiated 
conditions^ The men Avho aie opeiatmg m smallei toAvns have to consider 
the expense of mtioducmg this appaiatus I believe luithei, that if Ave sm- 
ceiely feel this is an essential thing, is it not oui dut} wdien Ave get home to 
insist that hospitals do this^ Aic we going to leveit to the time of Listei and 
his caibohc spiay^ 

I think Doctoi Walteis suggestion of a symposium is an excellent thing 
I AA'ondei il theie is not some possibility of a laAA'yei taking a case for some- 
bod}' AAith a bum aaIucIi they might say might be accounted for by iiiadiation 

Dr Frank Siricklur (Louisville, Ky ) As I see it, this question sim- 
meis down to tA\o piojiositions We can steiihze the opeiatmg loom, the 
diessings, the mstiuments hut aa'C still haA'e the patient to considei We all 
knoAv that Ave haA'e foci of infection m the gallbladdei, teeth, tonsils, intestinal 
tiact, etc The pioblem is, it Ave steiihze all these othei agencies, how aie Ave 
going to steiihze the patient? If aac make a Avound and he has a lot of 
bacteiia cii dilating m the blood stieam he is likely to dcA'elop infection, and 
I do not believe A\e can evei oveicome that Up m Kentucky we do not have 
so many infections Once oi tAvice I haA'e inadvertently punctuied a glove, 
and the patient got A\ell Avithout infection I do not undei stand Avhy w'e get 
so manv infections m ceitam paits of the countiy Maybe Ave aie caieless 
and do not AAatch things so Avell, but the patients heal up all light Theie aie 
many angles to he considei ed 

Dr Dcryl Hart (Dm ham, N C, m closing) I agiee wnth what Doctoi 
Jackson has said, and I think that AA'ashmg out the Avound is a valuable pio- 
ceduie We have folloAAed this technic foi many yeais and find that it Avashes 
out much debus, paiticulaily loose pai tides of fat, coagulated seium, and 
blood Befoie beginning steiihzation of the an Ave Avashed out all laige 
Avounds A'eiy thoioughly, but Aveie disappointed m that we could not eliminate 
the occasional infections by such a technic I Avant to emphasize again that I 
think It Avould be a gieat detiiment to suigeiy if, foi any leason, w'e sbotild 
give up any of the geneially accepted piactices of good suigeiy such as steiihty, 
avoidance of tiauma, meticulous hemostasis, obhteiation of dead space, avoid- 
ance of nutating sutuies oi chains wheie possible, immobilization of tbe 
Avound, etc Steiihzation of the an attacks only one souice of infection — the 
ail — highly contaminated piobably because of the inadequacy of oui operating 
loom masks Organisms on the skin, oi if by chance m the blood stream, oi 
those introduced by contact contamination, may not be affected by an steriliza- 
tion, so Ave must maintain oui best suigical technic, and cannot assume that 
the wound is free of bacteiia even if the an is completely steiilized 

Again may w'e emphasize that our principal objective has been to prove 
the importance of the an as a souice of AVOund contamination Bactericidal 
ladiation was adopted as the only piactical means of steiihzmg the air in 
order to piove the impoitance of this souice of contamination by its elimina- 
tion The results given m this papei, in oui opinion, pioA'e that the contamina- 
tion in the air of oui opeiatmg looms is at the piesent time the greatest souice 
of danger of wound infection m clean operations 
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111 1 cpiy to Doctoi Wciltci s, wc C3,ii Sciy llicit so long" 9,s tlic la.\v iccjuucs 
that “a man have the skill and use the pi ecautions such as are accepted by the 
piofession m the community wlieie he works” he will have no need to fear 
the lawyers Until stei dilation of the air is moie univei sally accepted as part 
of the opeiating loom technic, no lawyer will have a case even though it could 
be proved that the infection came from the an Foi the patient or his lawyer 
to piove that any specific infection came fiom a definite souice would be all 
but impossible If the time comes when sterile air is geneially accepted as a 
1 equii ement of good operating room technic, the lawyer then may have a case 
In the meantime, for the doctor who is convinced that most of his infections 
come from the an, his conscience may he moie annoying than his patient’s 
lawyer 

In leply to the question of expense making the use of bactericidal radia- 
tion prohibitive, these tubes now letail for $io oo each, so the cost of equipping 
a loom IS piobably less than the cost of a good operating loom light They 
consume only about lo watts of cuirent per tube and oui tubes, that have been 
111 use for over two years, show less than lo per cent depieciation in output 
of bactericidal radiation 

In regal d to the type of opeiations in which the air should be sterilized, 
we do not consider it impeiative m small incisions For ai throplasties, extia- 
pleural thoracoplasties, ladical mastectomies, large vential herniae in obese 
patients, etc , we feel it is indispensable As time goes on, probably we will 
not be content with compromise m our sterile technic, regaidless of the small 
size of the operation oi the presence of other possible sources of contamination 

We do not believe that all the postoperative temperature elevation comes 
from the patient’s reaction to bacteria in the wound, but after two and one-half 
yeais’ experience m eliminating the bacteria from the an we aie convinced 
that they play a major role in its production 

The question of eye fatigue has been raised There would be no fatigue 
from the radiation itself, since the ray is invisible However, it is necessary 
to piotect the eyes by glasses oi goggles and unless these are optically satis- 
factory they might cause symptoms The radiation does not penetrate plain 
glass to any appreciable degree, but a high grade of pyi ex glass may transmit 
a small percentage We have made some blood studies on individuals work- 
ing in a field of bactericidal radiation but have been unable to detect an}' 
change 

In regard to oui “high peicentage of infections” without bactericidal 
ladiation, we feel that our late of 4 per cent (exclusive of thoracoplasties) is 
about as low as we can expect 

Doctor Stnckler made the statement that “we cannot sterilize the patient 
111 one way and do not want to sterilize him m another ” We make no claim 
that this radiation will kill the bacteria on the skin, since they might be pro- 
tected m the crevices, and would never expect any effect on the bacteria 
within the body or its epithelial lined spaces Howevei, since this ray has 
very little penetrating power, w'e can at least feel assured that there is no 
dangei of steiilizing the patient in any other way 

As already stated, I see no immediate 01 remote piospect of eliminating 
everv source of wound contamination, such as from the skin or blood stream 
of the patient This, however, should not detei us from eliminating a knonn 
souice that in our opinion is of fai gi eater importance 
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AN AKTIFICIAL ANUS WITH MECHANICAL SPHINCTER 


-Toil vNXEs F S Esser, M D 

^foN \CO 


The opeiation to be clescnbcd was designed to aftoid a method of volun- 
tanly conti oiling the fecal discbatge fiom a peimanent colostomy 



Fig I — (i) Shows the outline of the incision employed (CADE) (b) Shows the skin flap le 
fleeted Hterally (c) Shows the fieed skin flip ACDE, the skin of the pait CFE being only 
loosened (d) Shows the piotruding, pioxinial end of the intestine wiapped in the skin flap (e) 
Shows the edges of the denuded iiea approxiimted bj longitudinal sutures 

Opoailve Technic — A skin flap, CADE, is outlined and raised from the 
underlying tissues, the skin of the aiea CEF being meiely sepaiated from 


Siilimittcd for publication February 7, 1938 
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dumber 2 

Ihe undei lying tissues The flap is turned lateially on its pedicle CE 
The opening into the peiitoneal cavity is made between points C and F 
underneath the skin flap while the flap is leti acted upwaid to its utmost 
limit at points D' and A' 

The loop of the colon which is to foim the colostomy is withdiawn The 
bowel IS seveied and the pioximal segment with its distal end tempoiaiily 
clamped, is wiapped in the skin flap which is now directed downwaid 

The ]iomt D' of the skin flap is sewn by means of a metal sutuie to point E 
The colon emeiges fiom this opening Inteiiupted metal sutuies aie then 
employed to anchoi the hoidei A'D' of the skin tube, containing the colon, 
to the line FE 

In 01 del to paitially ohhteiatc the defect caused by laising the flap, 
ti action IS applied to the skin at the angle A means of a simple hook, 
and the skin boideis AC and AD aie sutuied as fai as possible without 
causing excessive tension In the same way ti action is applied at the angle D 
and the skin hoideis DA and DE sutuied The aiea still denuded of skin is 
coveied with an epithelial inlay (Essei ) The inlay consists of a thin fiee 
skin giaft placed upon a mold of stent-mass wdiich has been fashioned to fit 
the defect accuiately The giaft may be taken fiom the thigh oi from the 
innei aspect of the aim B}' applying fiim piessuie to the mold foi seven days, 
the accumulation of secietion beneath the giaft is pi evented and healing is 
insuied he sccondaiy defects aie diessed wuth diy oi vaselmized gauze 
The clamp is then lemoved fiom the cut end of the bow^el and the ciiculai 
maigins of bowel and skin tube appioximated by means of inteiiupted metal 
sutui es 

The new anus lemains o])en and functions dnectly aftei the ojieiation, tbe 
suiiounding skin and sutuies being piotected by zinc ointment The epitl elial 
inlay pressing on the w'ound prevents fecal contamination 

Adequate nouiishment of the exti apei itoneal intestinal segment is msuied 
by the vasculai anastomoses wdiich occui between the subcutaneous vessels 
of the skin tube and the vessels of the seiosa of the bow^el, as w^ell as by the 
vessels seveied at the cut end of the bow^el Because of the iich ciiculation 
of the skin tube, deiived fiom its w'lde pedicle, a spring metal clamp may be 
applied to the tube aftei one month without feai of embarrassing the ciicula- 
tion of the bow^el 
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AN ELECTROSURGICAL OPERATION EOR EXCISION 
OF AN HYDROCELE SAC 

Louis T Wright, MD 
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AND Sam a Loeb, M D 

S\\EETWATEn, TeMS 

inOM TIIL ‘iLHCilCAL SI-RMCF, JMHI I \I HOSPITAL, NFW 1 ORK \ \ LOUIS T AMUGIIT AID, DIULCTOR 

Electrosurgery has not to our knowledge been used as an aid m hydio- 
cele opeiations, and for this leason it is the pmpose of this papei to recoid 
biiefly our experience with the Bovie electrosurgical unit in the treatment of 
hydiocele Massive postoperative hematoma is a most serious complication 
that occasionally follows hydrocele operations Especially is this most likely 
to occui m large hydroceles with thick-walled sacs An active hemorihage 
after opeiation may necessitate a second operation to remove the blood clot 
and stop the bleeding The Andrews tunica vaginalis evei sion operation — the 
so-called “bottle opeiation” — is inoie fiequently followed b}*- lecurrence of 
the hydiocele than the Wmkelman sac-excision operation, although post- 
opeiative hemorihage is more fiequent after the lattei An infected, large, 
postoperative hematoma causes the patient great distiess, though it, fortu- 
nately, IS an unusual complication 

We began to use electrosurgeiy with the idea of reducing the incidence 
of postopeiative hemoirhage and hydiocele lecuiience In the piesent series 
of 12 cases, it pioved to be a simple, safe and easy method of excision of the 
tunica vaginalis and was totally devoid of complications 

Technic of Pioccdine — The left hand of the operatoi gently giasps the 
posterior surface of the scrotum, and the skin over the anterioi suiface of 
the hydrocele is sti etched until it is taut An anteiior veitical incision, of 
necessary length, is made a few centimeters fiom the median raphe, with the 
cutting Bovie cuiient, through the skin and all of the fascial and muscular 
layers down to, but not including the tunica vaginalis, if it can be avoided 
(Fig i) Occasionally, we opened the sac by oui incision, although it was 
not particularly desired, because it is much easiei to free an unopened sac 
fiom the sunounding tissues than one that has been evacuated If the sac 
has not been opened, it is gently stiipped fiom its coveimg layers, and its 
contents are aspirated with a tiocar The sac is then opened and excised, 
with the cutting Bovie cuiient, to within i or i 5 cm of its attachment to 
the visceral layer of the tunica vaginalis (Fig 2) Bleeding points aie caught 
with mosquito clamps, and all oozing is controlled with the coagulating cur- 
rent The skin and fascial layeis are included m the inteiiupted, veitical 
mattiess sutuies of silk, that close the wound Dry steiile dressings are 
applied and the sciotum is suppoited b}’- means of an adhesive plastei budge 

Submitted for publication Ara\ 27, 193S 
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ELECTROSURGICAL EXCISION OF HYDROCELE 


II I Ij STRATIVr CASE REPORTS 

Case I — Alale, ac:c 2^ gave a histoiy of trauma to the sciotum seveial months 
bcfoic admission to the hospital Five days liefoie admission 8oo cc of light amber- 
eolored fluid was aspirated On admission a globular mass, 7x12 cm, w'as piesent in 



the hi perti opined fibers of the crcnnsteiic nntscle md mfundilnib 
form fnscin from the tunica itgimlis Marked hjpertrophj of 
the cremasteric muscles is a common finding in laige h>dtoceles 
of long St inding although rareh mentioned In this driving it 
IS too piominent 



Fig 2 — Shows the tunica vaginalis opened and the line of sac 

e-scision 
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the left side of the scrotum It was not tender and trans-illuminated The sac was 
excised, under spinal anestliesia, and the wound sutured without drainage He was dis- 
chaiged eight days after the operation as cured 

Case 2 —Male, age 34, complained of a left-sided sciotal mass that had been present 
foi ‘some t me ” Examination showed a nonpainful cystic mass, 10x12 cm, which 
transillummatcd The opeiative wound healed by primary intention 

Case 3 — Male, age 68, states that he has had a mass m the right side of his 
scrotum foi ycai s Examination showed a large, nonpainful cystic mass m the right 
side of the scrotum, lox 12 cm, which tiansillummated The hydrocele sac was excised 
under local anesthesia 1 he wound healed by primary intention, except for a small 
slough at its lowei angle 

Case 4 — Male, age 38, who had noted a mass m the right side of his scrotum for 
‘■ome months On examination, it was not tendei, 5x6 cm Under spinal anesthesia, 
the sac was excised and the wound healed per priinam, except for a very slight skin 
slough at Its lower angle 

The advantages of this method aie (i) Excellent hemostasis, (2) skin 
crypt stenh/ation is accomplished, (3) no absoibable siitiiie mateiial is left 
bulled in the wound, (4) drainage is unnecessaiy Its disadvantages are 
(i) Cannot be employed in the piesence of ether or othei inflammable gen- 
eial anesthetic agents, (2) slight tendency foi aseptic skin slough at lowei 
angle of wound 

CONCLUSION 

Tlie use of electiosuigeiy as an aid m the operative tieatment of hydio- 
tele IS appaiently of value and is worthy of fuithei tiial 


UNILATERAL AGENESIS OF THE MULLERIAN SYSTEM IN THE 

FEMALE 

CASE REPORT 

Leonid S Ciierne^ , M D 
San Fhancisco, ( ai ti 

I ROM TirF DM VRTMI NTS or SURnrUY AND ANATOMY UM\ ! ItsIT\ OF CALIf OIIMA MIDIC \I S( JIOOI 

S\N I HANCISCO C^LII 

Eiiib) volocjic Considc) alwn <; — The mulleiian ducts fiist appeal in the 
cmbiyo duiing the sixth week of development, at the anterioi ends of the 
Wolffian ridges, on then ventrolateial aspects The solid piocess of cells foim- 
ing each mullerian duct reaches the cloaca aftei a week’s giowth, and subse- 
quently develops a lumen In the male fetus, atiophy of the mulleiian ducts 
begins m the thud month, but in the female development continues The 
cephalic portions of the mulleiian ducts foim the uterine tubes, while the caudal 
])oitions fuse, giving use to the uterus and, later, to the vagina The fused 
medial walls of the two ducts degenerate, theieby creating a single-ban el uteius 
and vagina The ligamentum teies (the homologue of the gubernaculum testis 
m the male) aiises as a condensation of mesenchyme i n the inguinal fold of 
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peiitoneiim, although attached to the mnlleiian duct, its oiigin is independent 
of that stiuctuie 

The type of malfoimation of the uteius, the vagina and the tubes depends 
on the embiyonic age at which the development of the mulleiian system deviates 
fiom the noimal oi becomes aiiested Duiing the fiist month theie may be 
umlateial oi bilateial failure of development Dining the second month, the 
tuo sides may fail to fuse, uith the lesult that a double uteius and vagina aie 



Tig I — View of the pelvic viscen No*e the corgeiiital emptiness of the right side of the pelvis 

formed (uterus didelphys) , oi the aiiested development may be umlateial, 
resulting m a ludimentaiy horn on one side In the thud and fourth months 
theie may be incomplete fusion of the two mulleiian ducts, giving rise to a 
uteius with two distinct horns (uterus bicoinis), or a uteius with a concave 
fundus (aicuate uterus) , m either foim the septum may or may not persist 
and the cervix may be single oi double After the fifth month, the only anomaly 
is an ai cuate uterus In addition to the anomalies mentioned above, there may 
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be persistence of the septum m a uterus which appears externally normal This 
septum may or may not extend into the vagina (uterus septus duplex or uterus 
et vagina septus duplex) 

The type of anomaly presented in the appended case report is exceedingly 
laie The only reference to it found in the literature is in Fritz Kermauner's 
chapter on the malformations of the female genital apparatus in Halban’s 
System of Gynecology He states that although there are infiequent case 
reports of hemiuterus, on close scrutiny they turn out to be uteri with a rudi- 
mentary horn In an exhaustive survey of the literature of the preceding loo 
years, Kermauner quotes only three instances where he was reasonably certain 
that there was a complete unilateral agenesis of the mullerian duct 

Case Report — The patient was an unmarried, white female, age 32, who complained 
of periodic attacks of pain in the right lower quadrant of the abdomen They had first 
appeared in May, 1935, slowly increased in severity and had become intense four weeks 
before her first visit, in May, 1937 There had been a loss of five pounds in weight The 
pain was cramp-like in character, and occasionally was accompanied by nausea, but never 
by vomiting, it was most pronounced during the four days preceding each menstrual 
period and was aggravated by putting the abdominal wall under tension It was not 
affected by diet, meals or stools, relief was obtained by lying down with the thighs flexed 

Her menses had always been regular, every 28 days, lasting from three to six days, 
with a moderate flow, prior to the onset of the present illness they had not been accom- 
panied by pain There was no history of any specific infection and her past history was 
entirely negative 

Physical Eiaiinnation was not remarkable except for the abdominal and the pelvic 
findings There was deep tenderness at McBurney’s point The vagina admitted two 
fingers The cervix was pointing to the right and there was a slightly tender mass, vague 
in outline, in the left fornix 

Operation — Upon opening the abdomen it was noted that the uterus was small and 
tilted to the left, with the right and superior surfaces meeting at right angles, it was 
obviously a left hemiuterus The left broad ligament with its contents was normal m 
appearance On the right, the broad ligament, the tube, and the abdominal portion of the 
round ligament were completely absent, leaving the right half of the pelvic cavity empt) 
The right ovary, normal in size and appearance, was situated at the internal inguinal ring, 
partly drawn into the inguinal canal by the ligamentum teres to which it was attached 
(Fig I) 

The ovary was disengaged from the inguinal ring and, to prevent the recurrence 01 
herniation, the round ligament was sutured to the deep aspect of the aponeurosis of the 
external oblique muscle, as in a modified Gilliam suspension of the uterus 

The patient had an uneventful convalescence She has been completely relieved of her 
symptoms and has regained her normal weight 
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liii: Third Iniernaiional Cancer Congress undei the auspices of 
the Intel national Union Against Cancel, whose headquartei s aie in Pans, will 
be held at the Chalfonte-Haddon Hall, Atlantic City, New Jersey, Sep- 
teinbei 11-16, 1939 

The Piesident of the Congiess is Di Fiancis Caiter Wood, Diiector of 
the Institute of Cancel Research of Columbia Univeisity The executive 
officers aie physicians well known foi then expeiience in these matters Di 
Donald S Childs, of Syiacuse, is Secietai3'-Treasuiei , Di Eldwm R Wit- 
wei, of Detioit, is in chaige ot the scientific exhibits, and Di A L Loomis 
Bell, of Brooklyn, is handling the commeicial exhibits and ti ansportation 

The Congress has been divided into Gioups undei Section Chairmen, of 
whom Di John'D Camp, of the Mayo Clinic, will handle Diagnostic Roent- 
genology, Di Uisus V Poitmann, of the Cleveland Clinic, Radiotherapy, 
Dr Flank H Lahey, of the Lahey Clinic, Boston, Surgery, and Dr C C 
Little, of the Jackson Memoiial Laboratoiy, Bai Haibor, Maine, Genetics 
The program on Expei imental Pathology has been oiganized by Di William 
H Woglom, of the Institute of Cancel Reseaich of Columbia University, 
General Patholog}^ is undei that able teachei, Di Milton C Winteinitz, of 
Yale Umveisity, Radiobiology and Radiophysics have foi Chan man Dr G 
Failla, of the Memoiial Hospital, New Yoik, and Dr Burton T Simpson, 
of the State Institute foi the Study of Malignant Disease, Buffalo, is Chaii- 
man of the Section on Statistics and Education Numerous assistant chair- 
men have been appointed 

A number of sections will include elaboiate symposia on special topics 
For example, there will be a combination meeting to discuss the tieatment 
of the lymph nodes of the neck after the desti uction of the pi imary neoplasm 
A number of similai combination meetings will be held 

A rathei unusual feature of the Congiess is that the evenings will be 
devoted to addi esses by well-known expei ts Foi instance, on Monday 
evening. Dr A Lacassagne, of the Radium Institute of Pans, will give a 
suivey of the 1 elation of estiogens to malignancy, and Di C C Little, of 
Bar Harbor, Maine, will summaiize oui knowledge concerning genetics and 
tumois On Tuesday evening, Dis J W Cook and E L Kennaway, of 
London, will discuss the “Chemical Compounds as Carcinogenic Agents,” and 
Dr W E Gye, also of London, will leport on the viruses On Wednesday 
evening, it is expected that Senateui Justin Godart, former Minister of 
Health m Fiance and Piesident of the International Union Against Cancer, 
will make a shoit addiess, followed by Suigeon General Thomas Parian, of 
the United States Public Health Service, who will discuss phases of the 
Government activity in the investigation and tieatment of cancer Thuisday 
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evening will lie devoted to talks on the developments in suigeiy by Dr Fiank 
H I>ahey of Boston, and the oiganization of a Cancel Clinic by Piofessoi 
Fled J Hodges of Ann Aiboi, Michigan Friday evening, the Congress 
will be closed by an addiess fiom Di S Bayne-Jones, Dean of the Yale 
Umveisity School of Medicine, and hy Professoi James Ewing, of the 
Memoiial Flospital, New Yoik, who will summarize what has been accom- 
plished and what should be done foi the cancel pioblem in the future 

Extensive commercial and scientific exhibits have been arranged Pro- 
jection appaiatus of all types will be available, and judging fiom the numbei 
of papeis aheady leceived the Congress will be an outstanding one Official 
delegates will be piesent from various foieign countiies, including England, 
Fiance, Belgium, Geimany, Switzeiland, Poland, Hungaiy, Italy, Russia, 
Chile, Aigentma and othei countiies in South America 
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SURGICAL INIANAGEMENT OF THE PATENT DUCTUS 

ARTERIOSUS-*^ 

WITH SUMMARY OF FOUR SURGICALLY TREATED CASES 

Robert E Gross, MD 

Boston, ]Mass 

FROM THF CHILDREN S IIOSPIT\L, THE PFTFR DENT BRIGIIA.M nOSPITlL, AND THE SURGICAL LABORATORl OF THE HARVARD 

MEDICAL SCHOOL, BOSTON, MASS 

During fetal life the incomplete expansion of the lungs pioduces a high 
lesistance to blood flow in the pulmonaiy vasculai bed It is necessaiy, theie- 
fore, to have a compensatoi y mechanism whereby blood can be shoi t-circuited 
around the lungs Natuie piovides this shunt 'in the form of the ductus 
aiteriosus which diverts blood fiom the pulmonaiy aiteiy diiectly into the 
aorta When the fetus is boin and the lungs expand, the ductus noimally 
closes and all of the blood passes thiough the lung bed to he aeiated If 
this vessel fails to close, a reveisal of flow takes place within the ductus be- 
cause pulmonaiy arteiy piessuie is reduced and aoitic pressuie is inci eased 
Blood then passes from the aortic aich into the lesser cnculation (Fig i) 
and the patient possesses what is essentially an aiteiiovenous aneurysm (Hol- 
man^^) 

Theie is considerable diffeience of opinion legaiding the time when the 
ductus Botalli ceases to function PatteiF® has pointed out that degenera- 
tive intimal changes begin in the latter pait of fetal life, and it is his concept 
that increasing amounts of blood flow thiough the lungs even before birth 
The histologic findings in the closing ductus lesemble those of endaiteritis 
obliterans, according to Schaefifer’s^-^ studies, and the diminution in size of 
the vessel is a gradual process i equii ing many weeks before occlusion is com- 
pleted (Scammon and Norris-^) Christie® studied a large senes of loutme 
postmortem specimens fiom babies to determine the time at which the ductus 
was normally obliteiated As oldei and oldei subjects weie examined, the 
number of open, ducti diminished to 44 pei cent at one month, 12 per cent at 
two months, and 2 per cent at eight months of age (Chart i) Following 
this, there was a small group of individuals in whom the vessel remained 
open permanently At what age, then, can the persistence of the vessel be 
considered as pathologic^ Arbitral ily, we might say that the ductus Botalli 
which IS still open after the first year of life should be regaided as abnormal 

The child or youth who possesses a patent ductus faces an unceitam future 
He may live in relatively good health till old age, 01 his life might be quickly 
terminated by some complication arising from his long existing lesion Like 

* Read before the American Surgical Association, Hot Springs, Va , Maj" ii, 12 , 13 , 

1939 
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Damocles, he leads a piecaiious existence, never knowing when he might 
be cut down by the danger which menaces him The causes of death in 
these individuals may be listed as rupture of the ductus, thrombosis of the 
ductus with subsequent embolism, bacterial endocarditis or endarteritis, and 
caidiac decompensation resulting fiom the arteriovenous communication 
In 1907, Munio^*’ first suggested that the suigeon might undertake the 
task of obliterating the ductus by operative means So far as I am aware, 
O’Shaughnessy-- and Strieder” have been the only ones to attempt perform- 


Supcvfvcial 
cdrdiac plexus 1 


^Recurrent 1 
laryngeal 


\^na.Cava._L _ 


Ductus o.rTcriosu5 



nerve 


Fig I — Drawing of heart and great ^essels from a four weeks 
old child showing position of the ductus arteriosus and its com 
niunications with the pulmonary artery and aorta The left recurrent 
laryngeal nerve curves around the aortic arch lateral and posterior 
to the ductus The superficial cardiac plexus which lies between 
the arch and pulinonarj artery is joined by small nerves from the 
vagus and cerMcal sympathetics which lie in front of the arch and 
medial to the ductus 



Chart i — Showing time of closure of 
the ductus arteriosus as found bj examina 
tion of routine autopsy material (From 
Christie t>) 


ance of this feat In O’Shaughnessy’s 
patient, the diagnosis was incorrect and 
the ductus was found obliterated In 
Strieder’s case, technical difficulties pre- 
vented complete closure of the vessel and 
the patient succumbed a few days later 
My attention was first directed to the 
problem several years ago by Dr Elliott 
Cutler, but the present work had its great- 
est impetus from the enthusiastic support 
of Dr John Hubbard who presented 
Case I for study and subsequent opera- 
tion The cases herein reported are the 
first and only ones which have ever been 
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successfully opeiated upon Theie is much to be learned concerning the best 
method of obhteiating the ductus, but the woik here presented amply demon- 
strates that the ductus can be'exploied with safety and that it can be ligated 
111 most instances without moitahty The degiee of success thus far en- 
counteied makes it impoitant to lecogmze these patients — and not merely 
classify and tieat them as “congenital heait disease” — because in properly 
selected cases suigical theiapy has much to offei 

Etiology of the Peisistent Ductus Aiteitosus — The embiyomc shunt be- 
tween the pulmonaiy aiteiy and the aoitic aich may persist into postnatal 
life as a compensatoiy mechanism Thus, if theie is obstiuction at the aortic 
valve from bicuspid oi stenotic leaflets, oi if theie is coaictation of the aoitic 
aicli, the ductus may lemain open and allow blood to escape fiom the pul- 
monaiy aitery to the aorta Such a combination is lare, and when it does 
occui it is necessarily accompanied by some degree of cyanosis A second 
compensatoiy mechanism is concerned with stenosis or atresia of the pul- 
monaiy valve 01 hypoplasia of the pulmonary aitery, wheiein the diiection 
of blood flow through the ductus must be from aoita to pulmonary artery 
In this latter type of case there aie usually other associated anomalies, the 
most frequently encounteied combination being the tetralogy of Fallot in 
which theie aie stenosis of the pulmonary valve, a defect of the interventricu- 
lar septum, hypei ti ophy of the i ight ventricle, and a right-sided aorta 

While it IS tiue that the open ductus may often lepiesent a compensatoiy 
mechanism, it may also exist without any other abnormality In a series of 
242 cases reviewed and studied by Abbott,^ theie were 92 hearts in which 
there were no othei cardiovasculai lesions In short, about two-thirds of 
patients with a patent ductus have some othei abnormality and about one- 
third of them have no othei pathologic finding 

In those cases in which the open ductus is the sole lesion, there is no ade- 
quate explanation for the continued patency of the vessel There are, how- 
ever, three things which must be consideied as possible etiologic factors The 
first of these is concerned with the anatomic position and direction of the 
vessel If one examines postmortem mateiial of infants who have died in 
the fiist few months of life, the ductus, or its obliterated remnant, sweeps 
backwaid and to the left with a gradual cuive to lun alongside the aoita and 
then to entei it at a lather acute angle The nature of this angle of entrance 
into the aortic arch in the fetus obviously has the function of directing the 
oxygen-deficient blood fiom the right ventiicle downward in the aorta so 
that it might be distributed to the hypogastric aiteries and thence to the 
placental circulation The shaipness of this angle must serve another pur- 
pose, namely, to help obhteiate the ductus in postnatal life At birth, when 
the lungs expand and the blood flow through them increases, a diminishing 
amount of blood is forced fiom the pulmonary artery into the ductus When 
this state of affaiis obtains, the arterial blood rushing around and down the 
aortic arch must now have somewhat of a sucking action on the ductus which 
enters it so acutely This sucking action would tend to collapse the vessel 
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If, however, the ductus joins the arch at a more obtuse angle or at a right 
angle, the lumen of the ductus will be subjected diiectly to the high pressure 
existing m the aortic arch, and the ductus will thereby be kept distended 
Thus, it IS probably coi i ect to believe that the principal reason for persistence 
of a ductus IS due to its anomalous position and direction This idea is^ cer- 
tainly sustained by the obseivations in all four of the cases heie reported 

A second possible factor which might contribute to the persistency of a 
ductus is some defect m its wall This deficiency may concern the internal 
elastic membrane, the elastic tissue of the media, or even the smooth muscula- 
ture Such deficiencies of the ductal wall would allow the vessel to distend 
under low internal luminal piessuies which would not distend a vessel pos- 
sessing normal elasticity Such a consideiation is hypothetic, for there is no 
published account of histologic examination of the wall of persistent ducti as 
compared with those which aie normally closing in the first or second month 
of infancy It is certainly true that a thin, inelastic wall is not seen in all 
cases of persistent ductus, but in one patient (Case 2) tbe vessel wall was as 
thin as a vein That a thin or deficient wall might be a factor in persistency 
in some instances is also supported by those cases in which the ductus has 
actually dilated to aneur3fsmal proportions 

The third factor concerned with the peisistency of the ductus is related 
to its neuromuscular control The smooth muscle fibers m the ductal wall 
of some animals have been shown to be undei vagus nerve control Barclay, 
Barcroft, Barron, and Fiankhn- have injected radiopaque substances into 
the vascular systems of lambs delivered by cesaiean section and have observed 
the ductus roentgenologically It was then belief that the ductus underwent 
a “functional closui e” within a few minutes after birth However, subsequent 
autopsy upon such an animal showed the ductus to be still morphologically 
open The only way to correlate these findings was to assume that the ductus 
was junctionally closed during life by a neuromuscular mechanism which, of 
course, would not be operative aftei death It is not reasonable to assume 
that the ductus is held in a state of obliteration throughout the newborn period 
by smooth muscle contraction alone However, it is piobably true that con- 
tractions assist in the closure of a ductus and that a deficiency in the neuro- 
muscular apparatus would tend to make morphologic obliteration more 
difficult 

Pathologic Anatomy — The length and diameter of the ductus, as well as 
the thickness of its wall, have considerable bearing on the possibilities of sur- 
gically ligating it Unf 01 tunately, the literature gives but scanty account of 
desired anatomic facts In most instances the internal diameter of the lumen 
IS about all that is listed The following descriptions are gleaned from diverse 
sources and represent statements from various authors, postmortem observa- 
tions we have made ourselves, and further findings observed 111 four operative 
cases 

The size of the ductus cross-section is variable An internal diameter of 
3 to 4 Mm is not uncommon, but in many cases this may be as much as 6 
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to 8 Mm 01 moie In one autopsy specimen I have seen, from a man dying 
at 17 yeais of age, the ductus was 7 Mm in diameter m its postmoitem state, 
and, of course, may have been laiger when distended during life In the four 
cases opeiated upon, the external diameters of the ducti were 8, 12, 7 and 8 
Mm in individuals who were seven, ii, seven, and 17 years old, respectively 
In geneial, it has been my experience that the ductus was about the same size 
as the left subclavian ai tery as it left the aortic arch, but in Case 2 it was con- 
siderably laigei than this vessel 

The length of the ductus is of gieat importance, foi, if the vessel is very 
shoit, dissection between the aortic aich and pulmonaiy aitery may be impos- 
sible In some adults^® the ductus is so short that a direct communication 
exists between pulmonary arteiy and aoita — an anatomic ariangement which 
would make it practically impossible to close the shunt In newly born in- 
fants the ductus is usually i to i 5 cm long In the foui operative cases 
neithei of these extremes was found, the length of these vessels being 5, 12, 7 
and 5 Mm 1 espectively In each of these cases, the fii st appearance at opera- 
tive exposuie suggested that theie was a direct opening from aorta to pul- 
monaiy artery, but on caieftil and slow dissection of fatty and areolar tissue 
the aoita and pulmonary aitery could be sepaiated so as to bung into view 
a ductus which was long enough to ligate 

The thickness of the ductal wall varies It is gathered fiom autopsy de- 
sci iptions that the vessel is usually about as thick as an artery of similar size 
In Cases i , 3 and 4 this appeared to be so, but making this assumption in Case 
2 neaily led to a fatality In this lattei opeiation, dissection was begun be- 
lieving that the ductal wall would stand considerable manipulation, only to 
find that it suddenly tore and copious hemorrhage ensued The toin wall 
was then seen to have the consistency and thickness of a vein This possi- 
bility must be remembered when handling the vessel during life 

The swirling and impinging of blood curients against the pulmonaiy artery 
wall over a peiiod of years eventually leads to intiinal thickening, cholesterol 
deposition, and foimation of typical atheiomatous plaques These changes are 
primarily found around the pulmonic orifice of the ductus and also on the wall 
opposite to the opening of the ductus It is at these sites of intimal damage 
that subsequent bacterial endarteiitis is apt to begin Matusoff^** and Schlaep- 
fer-^ have summarized the postmoitem findings m cases of patent ductus 
arteiiosus with infective pulmonaiy endarteritis 

Piogiwsis — It is largely conjecture to estimate the prognosis for a given 
individual Statistics taken fiom the literature give a false idea of the life 
expectancy, due to the fact that patients dying of some other cause aie apt to 
go uniecoided, whereas individuals dying from complications of a patent duc- 
tus are more likely to be reported Therefore, a summary of the literature 
gives a more serious outlook than the lesion probably warrants 

Cardiologists, with any breadth of expeiience, have examined and cared 
for adults who have patent ducti and yet lead lather noimal lives There is 
a general feeling that more of these cases are seen in childhood or adolescence 
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than ai e encountered in the latter half of life One of two things must happen 
Either these people grow up and die of their lesion after having been lost 
sight of, or else they have spontaneous closure of the ductus during middle 
life Which of these interpi etations is correct is difficult to say, but the net 
result IS that many clinicians have developed the belief that the patent ductus 
cai ries a fairly good prognosis 

Opposed to this piecedmg, lather optimistic view, one finds a darker side 
when reviewing the liteiature on the subject Numerous case reports are 
encounteied describing patients who were known to have a patent ductus with- 
out apparent disability thioughout adolescence, but who then died of decom- 
pensation 01 subacute bacterial endocarditis There is no apparent 

method of computing the prognosis because the number of people with patent 
ducti is too small for adequate study In all probability, the truth lies some- 
wheie between the optimistic and tile pessimistic point of view 

AbbotE has listed 92 patients with autopsy proof of a persistent ductus 
without other demonstrable cardiovascular anomaly Twenty-eight of these 
died of subacute bacterial endocarditis, 24 died of slow cardiac decompensa- 
tion, and 16 died of lather sudden cardiac failure Two died of rupture of 
the ductus The remainder died of causes unrelated to the circulatory sys- 
tem In this senes, then, the incidence of death from endarteritis or endo- 
carditis was 30 per cent and the incidence of cardiac decompensation was 43 
per cent The average age of death was 24 years 

The complications attendant to the piesence of a patent ductus may be 
summarized as fourfold First, the existing shunt diverts sdfficient blood from 
the aortic circuit so that the peripheial blood flow is deficient, and the growing 
child IS thereby deprived of proper nutrition Second, in rare cases a thinned- 
out ductal wall may dilate® and rupture Third, the presence of this vascu- 
lai abnormality carries with it a high danger of subacute endocardial infection 
from the Streptococcus viudans or acute vegetative endocarditis from other 
organisms Fourth, the shunt from the aorta to the pulmonary artery places 
a great burden on the heart by enormously increasing the total amount of 
blood which the left ventricle must put out per minute and by increasing the 
resistance against which the right ventricle must pump blood The cardiac 
reserve is thereby reduced and myocardial failure may supervene after one or 
two decades 

Cltmcal Signs and Symptoms — ^About two-thirds of the patients are 
females A retardation in physical development is extremely common Men- 
tal development, however, is usually good The clinical course with an un- 
complicated patent ductus may show little variation from the normal or 
there may be findings of a profound cardiovascular abnormality The gen- 
eral run of cases develop but slight cardiac embarrassment in the early years of 
life Physical activity is only slightly limited throughout childhood and adoles- 
cence, but these youngsters often notice that they tire more easily and be- 
come more dyspneic than confreres of their own age or size Epistaxis may 
be profuse, particularly in children four to eight years of age These patients 
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aie usually conscious of a gieatly intensified heart beat which is particulaily 
exaggeiated by exeicise A “buzz” oi “buir” or “hum” in the chest is fie- 
quently spontaneously noticed by the individual At times the mother will 
volunteer the infoimation that she feels a “buzz” (as she calls the thrill) when 
diessing, bathing, oi otheiwise attending her child 

In contrast to this above desciibed lathei mild and attenuated course, oc- 
casional patients give symptoms of early caidiac embarrassment as is typified 
in Case 4 This giil expeiienced little difficulty until the fifth 01 sixth year 
of life Avhen there Avas maiked caidiac disability for which she was institu- 
tionalized for half a yeai She then regained compensation and piogressed 
faiily well until high school age With the increased activity demanded by 
this stage of schooling, peiiods of semi -invalidism occurred duiing which she 
had edema of the legs, cough, some orthopnea, and occasional nocturnal 
dyspnea leading to a lestiicted 01 bediidden existence foi two 01 three months 
at a time 

The physical manifestations of a patent ductus may be entirely wanting in 
infancy, aie apt to be confusing in the fiist two 01 thiee years of life, but are 
almost ahvays typical aftei the fouith year In the first year there may be 
no muimui, thrill, 01 caidiac enlaigement In the second and third yeais 
some cases show only mild caidiac enlaigement and a systolic murmui which 
IS loudest at the base At this stage one is usually not justified in making a 
more accuiate diagnosis than “congenital heart disease” By the third or 
fourth year the murmui becomes continuous, develops a “machineiy” char- 
acter, is accentuated duimg systole, is loudest m the pulmonic area, and be- 
comes accompanied by a systolic 01 continuous thiill This progression of 
signs takes place with vaiying lapidity, requmng a year in some cases 01 
several years m othei individuals 

By the fourth 01 fifth year the fully developed picture of a patent ductus 
is present and may be described as foIloAvs The heart action is extiemely 
forceful and ovei active and tlie late may be inci eased There is a loud, lough, 
continuous murmur with systolic accentuation, heard best in the second or 
third interspace to the left of the steinum The quality of this murmur has 
been described as sounding like “machineiy,” “tram in a tunnel,” “mill 
wheel” 01 “rumbling thundei ” The murmur is transmitted widely over the 
precoidium with only slight diminution, but its quality may be somewhat 
changed towaid the apex The entire murmur, 01 only its systolic element, is 
transmitted to the back, to both axillae — paiticularly the left — with rathei 
loud intensity, but it is heaid only faintly in the neck There is almost always 
a piecoidial thrill which is either systolic or continuous and which is most in- 
tense in the pulmonic region The second sound at the pulmonic aiea is 
greatly increased and has a snapping quality Cai diac enlargement may pos- 
sibly be made out by percussion The systolic blood pressure is within the 
normal range Bohn® pointed out that the diastolic level is low (when the 
ductus is large enough) so that these individuals have a high pulse piessure 
similar to that seen m 1 egurgitation at the aortic valve With this high pulse 
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pressuie theie IS a collapsing type of pulse, possibly a “pistol shot” sound 
over large leg and arm aitenes, and a visible capillary pulsation in the skin 
or nail beds One of the interesting features about the low diastolic pressure 
IS the fact that it becomes lower still during exercise (in contrast to the 
normal use during physical exertion) 

In raie cases theie may be changes in the voice Schi offeree described one 
patient m whom laryngeal examination showed the left vocal coid completely 
immovable, but no abnoimality was made out on the right The voice was 
clear A huge ductus was pressing on the left recurrent laryngeal nerve 

Roentgenologic and Lahoiafoiy Findings — Roentgenologic examination 
of the heart is usually not necessaiy to make the coirect diagnosis, but it does 
offer confiimatory evidence m most cases Wessler and Bass-® early em- 
phasized the importance of i oentgenography as a diagnostic aid In the first 
yeai or two of life the picture may be distinctly confusing and contribute little 
Dm mg this period theie may be nothing moie than slight cardiac enlarge- 
ment with a rather globulai shape to the organ in the antei oposterior view 
After the thud or fourth year, however, the roentgenologic findings are apt 
to be typical in the uncomplicated case There is mild or moderate cardiac 
enlargement, particularly of the left ventiicle The pulmonary artery (often 
incorrectly called the pulmonary “conus”) is more prominent than normal, 
though there are lecorded instances m wljich this was not found In all 
four of our patients this vessel was legarded as protruding unduly toward the 
left (Figs 4, 9, II and i6) The lung fields have increased markings due to 
the vascular congestion in the lesser circulation Fluoroscopically, the heart 
shows a veiy forceful action and there is increased pulsation m the dilated 
pulmonary artery The increased pressure m the smaller pulmonary arteries 
thioughout the lung fields may impait to them a pulsation which is seen as a 
“hilar dance ” This, however, may be quite hard to detect 

In two of our patients there has been an interesting finding in regard to 
the size of the left auricle In Case 3, this chamber was distinctly enlarged 
in the right oblique view This posterior enlargement of the left auricle in a 
young child was at first believed to be due to an associated mteraui icular 
septal defect We are now forced to believe that this thin-walled chamber 
can dilate 111 the presence of a patent ductus because of the enormous amount 
of additional blood which enters the pulmonary ciicuit from the aorta, and 
which must circulate through the left auricle The correctness of this tenet 


was strikingly substantiated by the findings in Case 4, m which the dilatation 
of the left auricle led to the belief that an associated mitral stenosis was pres- 
ent Heie again there was a striking diminution in size of the left auricle after 
surgical obliteration of the ductus (The cause for this dilatation may be ap- 
preciated by the fact that blood flow studies on Case 4 showed that 5 8 liters 
of blood per minute were passing through the right auricle and ventricle-— 
an essentially normal figme-but concurrently, 246 liters were flowing 
through the left auricle and ventricle Under these circumstances there is 
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some dilatation of the thick- walled left veiitiicle and a maiked dilatation of the 
thin left auiicle ) 

In one case we attempted to outline the inteiioi of the caidiac chambers 
'by injection of ladiopaque media into an aim vein While the studies m this 
case weie not entiiely satisfactoiy, the obseivations weie of value in that no 
othei mtracaidiac pathology was demonstrated This examination is useful 
m 01 del to rule out othei associated lesions such as septal defect, pulmonaiy 
stenosis, oi hypoplasia of the aoitic aicli 

The electiocaidiogiaphic tiacings aie lepoited as demonsti atmg left axis 
deviation when the woik of the left ventiicle is gieat, oi light axis deviation 
uhen the light auiicle must pump blood against an inci eased pulmonic arteiy 
pi essui e While both of these findings ai e possible, none of oui cases showed 
‘ axis deviation (Giaph I), and we have come to look upon an abnoimal 
electi ocai diogi am as possibly indicating some othei associated malfoimation 
While the EKG is of little aid in making the diagnosis, it is of some use m 
luhng out the piesence of othei abnoiinahties such as pulmonic stenosis oi 
atresia 

Compensatoiy polycythemia does not occui to any important degree and 
it IS lare foi the eij'^thiocyte count to be ovei five oi five and one-half million 
Blood volume studies have not been extensively pei formed, but the available 
data indicate that theie is modeiate mciease in the cellular and plasma ele- 
ments of the blood In Case 4 the blood volume was 3,950 cc as compaied 
to an expected noinial of 3,200 cc foi this age and size The circulation time 
fiom aim vein to tongue is normal or piolonged 

Ciiteiia in Selection of Coses foi Opeiotion — In leviewing a number of 
cases fiom the Caidiac Clinics of the Childien’s Hospital and the Petei Bent 
Biigham Hospital, we have foimulated certain criteiia for the selection of 
cases m which operative inteivention is to be pioposed An increased ex- 
perience will probably alter oui views somewhat, but foi the piesent the fol- 
lowing considerations must be made in evaluating a given case for possible 
suigical therapy 

Piovidmg the diagnosis of patent ductus is leasonably established, it is 
essential to lule out other associated conditions, the natuie of which would 
make it dangerous to close the ductus Such lesions would be stenosis of the 
aoi tic valve, hypoplasia 01 coarctation of the aoi tic arch, stenosis 01 atresia of 
the pulmonaiy valve, and bacteiial endocaiditis Any one of these is a definite 
contraindication to operation Systolic or diastolic murniuis ovei the aortic 
ai ea which do not appear to be ti ansmitted fi om the pulmonic area ai e highly 
suggestive of aortic stenosis 01 insufficiency, particularly if accompanied by 
a left axis deviation m the electrocardiogi am Hypoplasia of the aortic arch 
can be excluded by proper fluoi oscopic examination Coai ctation will show a 
lower blood pressuie in the legs than in the arms, the reverse of normal 
Stenosis of the pulmonic valve may be exceedingly difficult to diagnose because 
the muimurs arising fiom it aie almost identical with those originating fiom 
the ductus However, the patient with an uncomplicated patent ductus has 
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a loud snapping second pulmonic sound due to the increased pressure within 
the pulmonary aitery, whereas the pulmonic second sound will be absent or 
diminished if there is an abnormality of the valve Furthermore, pulmonic 
stenosis is practically always accompanied by some right-sided hypertrophy in 
the roentgenogram, by right axis deviation in the electrocardiogram, and by 
cyanosis due to a iight-left shunt of blood through a septal defect Subacute 
bacterial endocaiditis must be regarded as a contraindication to operation 
because the friable vegetations around the ductal opening will almost certainly 
be dislodged and result in embolism or a more severe bacteriemia 

There are several lesions, the presence of which do not necessarily imply 
that Opel ation should be abandoned The postopei ative results following liga- 
tion of a ductus, when there is an associated septal opening or a mild mitral 
(iheumatic) stenosis, will not be as satisfactory as those obtained when the 
ductus IS the sole lesion However, a heart which is laboring because of two 
defects can be improved if one of these is removed For this reason, we do 
not regard a septal defect as a contraindication to operation Likewise, in 
Case 4 the possibility of a superimposed rheumatic mitral stenosis was raised, 
but closure of the ductus was recommended 

Confining ourselves now to those cases with a patent ductus and no other 
demonstrable cardiovascular lesion, the question arises whether all such in- 
dividuals should be operated upon The answei is decidedly, “No'” There 
are without doubt some individuals who have a patency of the ductus in in- 
fancy or early childhood and who have later findings indicating that this 
arterial shunt is spontaneously closing itself Hence this individual should 
be left alone and natural processes permitted to continue in the reduction of 
size or ultimate obliteration of the vessel When such a person is followed 
over a period of years, the murmurs have a decreasing intensity, lose their 
harshness, and may disappear from the diastolic phase of the cardiac cycle 
The thrill, likewise, diminishes in intensity and may change from a con- 
tinuous one to a systolic type The heart is not enlarged, even though there 
may be a fulness of the pulmonary artery The heart is able to maintain ade- 
quate peripheial circulation as is indicated by a normal diastolic pressure 
In such children we feel that dangers of operation are not warranted when 
the ductal size is either stationary or is diminishing In contrast to this, there 
are other patients in whom the clinical signs point to the fact that the ductus is 
actually becoming larger or that there are early signs of cardiac embarrass- 
ment When once this trend of affairs is recognized it is reasonable and 
desirable to propose operation 

The positive criteria for selection of cases for operation may then be 
enumerated as follows (i) There must be reasonable assurance that the 
ductus IS patent as is determined by a loud, continuous, machinery murmur 
in the pulmonic area accompanied by an increased second pulmonic sound 
and a systolic or continuous thrill which is most intense m tlie pulmonic 
region (2) There should be evidence of congestion in the lung fields by 
roentgenologic examination ( 3 ) There should be a prominence of the pul- 
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monary aiteiy i oentgenologically — though some cases have been leported in 
which this has been absent (4) Theie should be roentgenologic evidence of 
cardiac enlaigement, paiticularly in the region of the left ventiicle (5) There 
should be a peiipheial blood piessuie i\hich has an essentially noimal systolic 
level, but a definitely loweied diastolic level In shoit, one should have an 
indication that the ductus is enlaiging, that the individual is not developing 
piopeily, that the dangei of bacterial endaiteiitis is high, or that the heait is 
cai lying an inci eased burden 

The Opciative Exposwe and Obhtoation of the Ductus Aitoiosus — 
The ductus can be exposed by an anteiioi, transmediastmal route, opening 
thiough the sternum and viewing the gieat vessels very much as one does for 
pulmonaiy embolectomy There is little to recommend this approach, foi the 
opening in the chest wall is lelatively small and the opeiator would be work- 
ing in the bottom of a deep, nanow hole With such limited exposure it 
iiould be exceedingly difficult to cany out any adequate dissection between 
the aorta and pulmonaiy aitery and to contiol any bleeding which might be 
encountei ed Fui thei moi e, there would be gieat danger of injuring the supei - 
ficial caidiac plexus and the left lecurient laiyngeal neive In favor of the 
transmediastmal appioach is the fact that the lungs aie not collapsed, but in 
view of general expeiience with the mnocuousness of temporary collapse this 
advantage cannot be regaided as impoitant 

At the beginning of the piesent woik it was necessaiy to devise a method 
by which the ductus legion could be exposed adequately, safely, and without 
gieat shock After examining a number of human cadavers, it was apparent 
that the aoitic aich and pulmonary aiteiy could be approached bettei fiom 
the left side than fiom the fiont of the chest Making use of these observa- 
tions, expel imentation was then peifoimed on living dogs, and it was found 
that an admirable view of the ductus was obtained by enteiing the thorax 
through the left pleural cavity and tempoiaiily collapsing the lung during 
the operation This operative approach has been treated more fully in another 
publication (Gross^®) and, as it applies to the human, it may be described as 
follows 

The patient is placed on his back, with the left arm extended up along the 
head and with a small sandbag beneath the left shouldei fo as to elevate the 
upper portion of the left side of the chest A tiansverse incision, slightly 
concave toward the patient’s head, is made either just above 01 below the 
bieast tissue, fiom the sternal maigin to the anterioi axillary line This is 
carried down through the subcutaneous tissues, the pectoralis fascia, and the 
fibers of pectoial major and minor muscles (While this incision has been 
employed in all the cases here repoited, a lower incision which turns upward 
the entire breast and pectoial muscle gioup would be an acceptable procedure 
but would not produce quite so good an exposure ) The pleural cavity is en- 
tered through the thud interspace, cairymg the incision from the internal 
mammary vessels around to the midaxillary line The internal mammary 
vessels need not be divided The third costal cartilage is cut across and, if it 
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IS desiied, the second cartilage may also be divided (In one patient a better 
opening was made by entering through the second interspace and retracting 
the second rib upward ) This allows the ribs to separate easily with the aid 
of a self-retaining retractoi As the lung collapses away infenorly it is pro- 
tected by a covering of moist gauze 

With the lung out of the way, the operator now has an excellent view 
of the lateral aspect of the base of the heart and the superior mediastinum 
(Figs lo and 12) The phrenic nerve is readily seen beneath the thin pleura 
but the vagus nerve may or may not be clearly discernible, depending upon 
how much fibro-fatty tissue there is around it Superiorly, the rounded arch 
of the aorta is easily identified, and if all the major vessels arising from it 
cannot be seen, at least the first poition of the left subclavian artery can be 
viewed The pleural covering of the mediastinum is now incised from the 
lung root upward towaid the base of the neck to uncovei the pulmonary 
artery and aortic arch This incision is 7 or 8 cm in length and should be 
made l to 2 cm posterior to and parallel to the phrenic nerve This incision 
IS placed well behind the phrenic nerve in ordei to avoid injury to the under- 
lying supeificial cardiac plexus and the fibers which join it from the sym- 
pathetic and vagus systems (Fig i) In some individuals the upper one 
or two left intercostal veins do not diam into the azygos system, but in- 
stead form a single trunk which couise's medially forward and along the medi- 
astinal surface to flow upward to the left innominate vein Inasmuch as this 
vein crosses the cephalic end of the desired pleural incision, it is best to divide 
It when present 

After the pleura is incised, a fine network of fat and areolar tissue of 
vaiiable vascularity is found filling in the sulcus between the aortic arch 
and pulmonary aitery Almost invariably, it first appears that these two 
great vessels are directly contiguous to one another and that any communica- 
tion between them must be in the form of a direct opening However, with 
great care and patience, it is surprising to find that a plane of cleavage can 
be located and if followed will lead one deeply between the vessels The 


question then arises regarding the exact location of the ductus and where 
dissection should be made to uncover it Theie are three ways to determine 
the position of this vessel (i) The ductus lies just opposite to or a little 
distal to the origin of the left subclavian artery (2) The ductus may be com- 
pressed, and as this is done there will be a temporary disappearance of the 
thrill over the heart and pulmonary vessel Thus, by running the fingei 
along the sulcus, between the aortic arch and pulmonary artery, and pressing 
in various places, that point at which pressure stops the thrill will indicate 
the ductus site (3) The left recurrent laryngeal nerve arises from the vagus 
nerve, courses downward, and then curves around the aortic arch a fe\\ 
millimeters posterior to the ductus Hence the tracing of this structure will 


lead one directly to the ductus 

It has been my practice to quickly locate 
ductus by finding the point opposite the origin 


the general position of the 
of the subclavian artery and 
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then pi ess in vaiious places below the aoitic aich until the tin ill is tempo- 
laiily stopped Caieftil attention is then tinned to the isolation of the recurrent 
neive foi two leasons (Figs i and 2) Fust, the entne extent of this struc- 
tiiie must be identified 111 the opeiative field so that it is in view at all times 
and can be left uninjuied Second, the following of this nerve is the best 
way to accuiately locate the ductus I have spent as long as an hour 111 
locating, freeing up, and tiacing this neive, for it is time well spent, and once 
it IS bi ought into view, the lemamdei of the dissection seems to be on a 
safei and suiei basis 

The release of tissue aiound the 
ductus should be accomplished by 
blunt dissection In this way less 
bleeding is eiicounteied fiom small 
veins in the legion The posteio- 
niedial aspect of the ductus cannot 
be visualized completely, but gentle 
dissection heie with a half length 01 
a light-angle clamp will safely sep- 
al ate the undei lying left mam 
bionchus The ductus should not 
be cleaned oft too much, foi if a 
small amount of ai eolar tissue is left 
around the vessel it will serve as a 
padding to pi event cuttmg-m of the 
ligatuie when it is applied In most 
cases this entire dissection will be 
extia-pencaidial, but m Case 3 the 
sac had a veiy high leflection and 
was opened into At this stage 
haste should be avoided because a too rapid dissection may stii up bleeding 
and produce ecchymoses thiough the tissues which obscuie the field and 
hamper the remainder of the operation The elapsed time of isolating the 
ductus after the opening of the pleuia was m no case less than an houi and 
m the last patient consumed neaily two houis 

An aneuiysm needle carrying the ligature inateiial may now be passed 
aiound the ductus Befoie peimanently obliterating the vessel it is best to 
make a temporal y occlusion for two or thiee minutes to insure that closure 
of the vessel will not m any way embairass the circulatory appaiatus Dur- 
ing this period the patient’s coloi, blood pressuie, pulse, and cardiac action 
can be observed for any untowaid leactions This tempoiary closure may 
be made by drawing up the thread and holding it with the fingers, or else 
the tliiead may be passed onto a Shenstone hilar tourniquet which is drawn 
up snugly without employing the ratchet (for fear of cutting through the 
ductus) If no undesirable effects aie pioduced during the temporary obser- 
vation period, the ductus may be peimanently ligated The ligature material 
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Fig 2 — Sketch of a horizontal section through 
the fifth thoincic vertebra, showing route by which 
the ductus arteriosus may be exposed by an antero 
lateral approach through the left chest If the left 
pleural cavity (LPC) is opened, the lung collapses 
toward the infeiior part of the chest The operator 
can then look directly at the mediastinum and can 
expose the ductus by incising the parietal pleura 
(P) (A) Ascending and descending aorta (DA) 

Ductus arteriosus (Pul Art ) Pulmonary artery 
(PS) Pericardial sac (RL) Right lung (RN) 
Recurrent nerve (T) Trachea, at its bifurcation 
Arrow shows direction of operatne approach through 
the left second or third intercostal space 
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m all cases of the present senes was No 8 heavy braided silk (Gudebrod 
Company) In two cases only one ligature was employed, but in the other 
patients two ligatures weie used The latter is unquestionably a better prac- 
tice, and It might be advisable to inject a few drops of sclerosing fluid into 
the ductus between the constricted points It cannot be emphasized too strongly 
that these ligatures must be drawn up very tightly if complete obliteration is 
to be effected When a satisfactory closure has been made there is complete 
disappearance of the thrill m the pulmonary artery 

It would be a piefeiable surgical procedure to divide the ductus rather 
than ligate it in continuity, but in our series this was impossible because 
of the shortness of the vessel 

The operative closure can now be completed rapidly The edges of the 
mediastinal pleuia aie approximated with continuous or interrupted sutures 
The cut ends of the costal cartilage are anchored to one another with a 
heavy catgut sutuie, piercing the cartilage with a sharp needle The inter- 
costal muscles aie approximated with continuous catgut, reexpanding the 
lung completely with positive pressure before flie last suture is drawn up and 
tied The pectoral muscle is repaired with continuous catgut to the muscle 
fasciae and a few interrupted mattress sntuies to butt together the ends of 
the muscle The subcutaneous fascia must be carefully sutured or there will 
be a mai ked tendency for the incisional scar to subsequently spread 

Postopei atwe Care — There is lemarkably little postoperative reaction 
In the first three cases eucupme solution was injected into the intercostal 
nerves while the chest was still open The prolonged anesthetic action of 
the drug appeared to greatly i educe postoperative discomfort in the wound 
In the first case, the child was allowed out of bed in a wheel chair on the 
first postoperative day (Fig 5) and was walking on the third day (Fig 6) 
The wounds all healed per primam There was some edema for three 
or four days, but there was no permanent collection of fluid such as was 
anticipated from cutting across the lymphatics of the breast (Fig 17) There 
was a moderate tendency foi the skin wounds to spread and become con- 
spicuously wide There was no difficulty with healing of the transected 
pectoral muscles after a regimen of immobilizing the upper aim for two 
or three weeks In two patients, fluid collected in the left pleural cavity, which 
was not aspirated and which was resoibed spontaneously m about ten days 
Opel atwe Results — There have been no important postoperative complica- 
tions Theie has been no mortality in the cases thus far operated upon In 
every patient the thrill has disappeared In Cases i and 2 there is still a 
faint to-and-fio murmur at the pulmonic area, doubtless due to a small leak 
within the wimkled spaces of the collapsed ducti After these experiences, 
two ligatures were used in Cases 3 and 4 and this change in technic makes 
us feel certain that these ducti aie completely obliterated for all murmurs 
have disappeared In every case there has been a restoration of the low, 
preoperative diastolic pressure to a normal level (Charts 2, 3, 4 and 5 ) 
each case the ovei active and forceful action of the cardiac impulse has been 
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1 educed to one of noimal intensity The tiansveise dimension of the heait in 
Cases I and 2 did not change appreciably, but in Cases 3 and 4 it has de- 
creased I cm and 05 cm, lespectively Case 2 had always complained of 
difficulty 111 gaming weight, but within foui months aftei operation he has 
gamed nine pounds Each of these childien has letuined to school and bids 
fail to have an impioved caidiovascular system 

In Cases 3 and 4 samples of blood (foi oxygen content) weie taken dui- 
mg opeiation fiom the aoita, the ductus, the mam pulmonaiy aitery, and 
the left pulmonaiy befoie and aftei ligation of the ductus Aftei determin- 
ing the patient’s ox3'gen consumption, it was then possible to calculate the 
volume of blood flowing to the peiipheiy, through the ductus, and through 
the light and left sides of the heait These studies aie leported moie fully 
elsewhere,'* but a few of the findings aie listed here In Case 3, the pe- 
ripheial blood flow was 486 hteis pei minute while the ductus was still open 
and was inci eased to 6 12 liters pei minute after the ductus was ligated In 
Case 4, the peripheial blood flow was 5 8 liters pei minute while the ductus 
\Nas open Concuiient with this peiipheial flow, 188 liteis of blood pei 
minute passed through the ductus, making a total of 246 liters which the 
left ventiicle had to pump pei minute m ordei to maintain the peripheial 
flow at a normal level Following ligation of the ductus, the left ventiicular 
output was 5 08 litei s pei minute, and this entire amount was of com se dis- 
tributed to the peiipheiy In shoit, this heait was perfoiming more than 
four times as much work as was necessaiy while the ductus was open It 
IS at once evident that ligation of the ductus gieatly mci eases the caidiac effi- 
ciency, the increase m efficiency being dependent upon the size of the ductus 
which IS obliterated (The above figures all represent conditions with the 
patients undei cyclopropane anesthesia, and while the figuies aie somewhat 
higher than m the unanesthetized individual, the geneial lelationships are 
still true ) 

The fom patients thus fai operated upon at the Childien’s Hospital and 
the Peter Bent Biigham Hospital are heie presented m summarized form 
Prelimmaiy repoits of these have been made pieviously 

Case I — L S , female, age 7, entered the Children’s Hospital, August 17, 1938, 
for study of her cardiac condition At one and a half years of age her mother noted 
that the child was short of breath At three years, examination, in another hos- 
pital, revealed findings of congenital heart disease After having several epistaxes and 
episodes of pain in the extremities she was studied at four years of age in a second hos- 
pital No evidence of jrheumatic fevei was found and there were no objective findings in 
the extremities The discharge diagnosis was “patent ductus arteriosus ’’ On entering 
school the child was bright and active, but often noticed that she could not play as long 
or as strenuously as did other children of her age Frequently, she would stand still, 
have a rather frightened appearance, and would place her hand over her heart ^Vhen 
asked what was the trouble, she would whisper “something wrong inside of here ’’ These 
apparently represented attacks of palpitation with momentary dyspnea The mother 
volunteered the information that she “often heard a buzzing noise in the child’s chest’’ 
when standing near her At no time had there been cyanosis 
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Blood pressuie 115/40 neart 





Fig 3 — Case 1 Seven year old patient 
showing general bodj contour Moderate under 
iiounsliment noted particularly in the promi 
lienee of the ribs 

Laho! ato>y Data — Red blood count 5,080,000 Circulation time, right elbow to 
tongue, with Decholin, eight to 10 seconds Seven-foot heart film (Fig 4) showed 
the heait to be enlarged with a transverse diameter of ri 7 cm compared to an internal 
chest diameter of 20 0 cm The enlargement avas mainly in the left ventricle, and the 
pulmonary artery was more prominent than normal Considerable perihilar congestion 
was noted Fluoroscopy demonstrated a definite “hilar dance” in the lung vessels, par- 
ticularly on the right Electrocardiograms were normal 

Opeiatwn — Artificial left pneumothorax was first performed to determine whether 
subsequent collapse of the lung during operation would seriously affect the patient Inas- 
much as there was no important reaction to this procedure, exploration was undertaken 
two days later 

On August 26, 1938, under cyclopropane anesthesia, an incision was made from the 
left sternal border to the left anterior axillary line just below the breast The pectoral 
muscles were divided and the chest entered through the third left interspace after cutting 
the third costal cartilage As the lung collapsed a good view of the heart and lateral 
aspect of the mediastinum was obtained A very vibrant thrill was felt over the entire 
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Fig 7 — Case i Photograph two months after operation 
showing position of the operatne wound Some weight gain is 
already seen in the fulness of the chest, compared to the prominent 
ribs in Figure 3 



Chart 2 — Case i Daily blood pressure 
chart during hospitalization showing the low 
diastolic level prior to operation and the imme 
diate rise of the diastolic pressure following 
operative ligation of the ductus Average daily 
diastolic pressure prior to operation was aS Mm 
of Hg Diastolic pressure at time of hospital 
discharge was 73 to 75 5Im of Hg 
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thrill conipletel} disappeared after dosing the ductus The mediastinal pleura was now 
sutured and, after the lung was reexpanded with positive pressure, the chest was dosed 
Postopiiativc Com sc — ^Theie was very little postoperative reaction The child was 
allowed out of bed and up in a wheel chau 24 hours after operation (Fig 5) and on the 
thud day she was walking around the waid (Fig 6) The wound healed well except 
for some keloid formation (Fig 7) She was discharged on the thiiteenth postoperative 
day Examinations of the heart after operation and aftei hospital discharge showed the 
tin ill to have disappeaied The caidiac action was now of normal intensity m contrast 
to its pievious overactivitN Theie was a faint to-and-fro, soft murmui at the base, the 
svstolic element of which was transmitted to the apex but not elsewheie The diastolic 



Fig 8 — Case 2 Eleven j ear old boy with under 
development and deficient nourishment Note the long 
thin extremities and fingers Patient had great diffi 
culty m gaining weight despite manj jcars of clinic 
treatment 


blood pressure rose immediately on ligature of the ductus and has permanently remained 
normal at about 35 Mm of mercury above her pieoperative level (Chart 2) Electrocar- 
diograms six months after operation show no change The child has returned to school, is 
active, and is gaming weight 

Case 2 — R C, male, age ii, entered the Children’s Hospital, September 6, 1938 
In the first year of life it was found that he had “heart trouble ’’ Because of failure 
to gain weight he was first seen in the outpatient department at four years of age, 
at which time there was considerable malnourishment At that examination, physical 
and roentgenologic findings were characteristic of a patent ductus arteriosus On the 
present admission the child’s chief complaint was that he was “always tired ever since he 
was big enough to 1 un around ” The child had noticed that he could never run and 
exercise as freely as his playmates Exercise was never accompanied bv cyanosis, but it 
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He 2““ intrS'L 

^parted a marked pulsation to the anterior chest wall A very loud and harsh roarill 

tra, r“iri"''’Tr’ systde. ivas heard in the pulmonic area This was 

transmitted widely over the precordium, but the diastolic element was faint at the apex 

TeTard , V h "T — systolic murmur could 

be heard in both axillae, particulaily the left, over the back of the chest, but only famtly 



Fig 9 — Case 2 Seven foot roentgenogram prior to operation Cardiac 
enlargement, particularly in region of left ventricle Prominence of pul 
momry artery indicated b> arrows Total transierse dimension of heart 
II 3 cm Internal diameter of chest 21 3 cm 


over the neck vessels A vibrant, continuous thrill was felt over the precordium, especially 
in the left second and third interspaces The pulmonic second sound was greatly increased 
The blood pressure was 115/45 There was a definite Corrigan’s pulse and a capillary 
pulsation in the fingernail beds 

Lahoiatojy Data — Roentgenologically, the heart was enlarged, the transverse dimen- 
sion being 113 cm compared to an internal chest diameter of 213 cm (Fig 9) iMost 
of the cardiac hypertrophy appeared to be m the left ventricle The pulmonary artery 
was prominent and the lung markings were increased Electrocardiogram was normal 
Red blood count 5,050,000 

0/>ei fltioii —September 12, 1938 Under cyclopropane anesthesia, a slightly curved 
incision, running from the left sternal border to include the left anterior axillary fold, 
was made just beneath the breast, transsectmg pectoral muscles and retracting breast and 
muscles upward The thorax was entered in the third interspace, cutting the third costal 
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cartilage The collapsed lung was protected with a gauze pack and the mediastinum was 
viewed from its left lateral aspect (Fig lo) A very coarse thrill was felt ovei the 
entire heart and pulmonaiy arteiy This was so marked that it tickled the operator’s 
fingers while woiking in the region and touching the great vessels with forceps or other 
instruments The left recurient laiyngeal nerve was easily exposed Following this struc- 
ture forward and medially, an enormous patent ductus, ri or 12 Mm 111 diameter and 
12 Mni in length, was found Attempts weie now made to pass an aneuiysm needle 
around the vessel so that hgatuies might be bi ought into place In the performance of 



Fig 10 — Case 2 Sketch of operative exposure of the ductus which was ii Mm 
in diameter Insert shows position of patient with left arm drawn up along 
the head and with incision coursing just beneath the bieast Thorax entered 
through the third interspace Third cartilage cut to allow upward retraction of 
ribs The left lung is held down mfenorly with a gauze pack and malleable le 
tractor Positions of aorta and pulmonarv aitery indicated by dotted lines When 
the pleural covering of the mediastinum was incised a direct view of the aortic 
arch, pulmonary artery, and ductus was obtained (3C) Cut end of third costal 
c irtilage (DA) Ductus arteriosus (G) Gauze pack over collapsed lung (PA) 
Pulmonarj arter> (PI) Pleural incision (PN) Phienic iieree (RLN) Re 
current larjngeal nerve (SR) Self retaining retractor (VN) Vagus nerve 

this task the thm-walled ductus tore and there was a serious hemorrhage which bid fair 
to end the operation fatally However, a finger was held over the rent while a trans- 
fusion was finished and then with one finger over the hole, dissection was continued until 
ligature material could be earned aiound the ductus and tied up tightlj Fortunately, 
all bleeding was thereby controlled After reexpandmg the lung the chest was rapidlj 
closed 

Postopa ative Com m — Except for some discomfort in the rvound for several days, 
requiimg sedatives, there was little postoperative leaction On the fourth day, the patient 
was allowed out of bed and at the end of a week was w'alking He fvas discharged, 
September 29, 1938 The greatly accentuated cardiac beat has returned to normal activity 
The thrill has disappeaied There is a to-and-fro murmur at the base winch is soft, and 
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at times the diastolic element of this cannot be heard The diastolic blood pressure has 
averaged about 30 Mm of mercury higher after operation, compared to its preoperative 
level (Ohart 3) Roentgenograms of the chest two months after operation show no essen- 
tial change in size or contour of the heart The hoy’s general condition has gradually 
and definitely improved, there being a weight gam of nine pounds m the first four months 
after operation 

Case 3 — F S , female, age 7, entered the Children’s Hospital, November 2, 1938 
During the first four years of life, she was always under normal weight At three years of 
age, there was a loud cardiac murmur and a widespread coarse precordial thrill These 
findings, with a blood pressure of 110/40, plus a Corrigan’s pulse, led to a diagnosis 
of aortic stenosis and regurgitation From the fourth to sixth year of life the child 



I 234S 6 78 9 10 12 14 16 18 20 22 24 
DAY OF HOSPITALIZATION 

Chart 3 — Case 2 Daily blood pressure during 
hospitalization Low diastolic pressure which existed 
piior to operation was immediately restored to a nor 
mal level by ligation of the ductus This increased 
diastolic level uas maintained as indicated by the read 
ing two months after operation 

was usually unstable, tired easily, had moderate dyspnea and chest pain on exertion, and 
dilated veins were often noticed over the anterior chest wall Her general activity, how- 
ever, was not greatly retarded There had never been cyanosis 

Physical Examination — The patient was pale, somewhat thin and underdeveloped 
The height was 46 inches and the weight 42 5 pounds There was no cyanosis or club- 
bing There was a marked precordial pulsation indicating a very active heart heat 
There was an intense and coarse thrill over the entire precordium, most vibrant in the 
third left interspace, which was more pronounced in systole but which extended into 
diastole A loud rough systolic murmur was heard m the pulmonic area which was 
transmitted over the entire precordium and with considerable intensity to both axillae 
and the back In the pulmonic area there was also an untransmitted diastolic murmur 
which produced a to-and-fro, continuous murmur at the base P2 was greatly accentuated 

"^^^LflbofatoTrHfltr—Red^ blood count 5,090,000 Electrocardiograms were negative 
except for splintering of the QRS complex m Lead 3 (Graph 1) 

fluoroscopic examination of the heart showed slight enlargement to the left (Fig 1 
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T 1 ansverse dimension of the heai t 9 8 cm , compared to an intei nal diameter of the 
thorax of 186 cm There was a maiked bulge in the region of the pulmonary artery 
and also considerable pulsation of the congested pulmonary arteries Blood volume was 
1,600 cc as detei mined by the Gibson® method 

Opoatwit — November 9, 1938 Under cyclopropane anesthesia, the same general ap- 
proach as in Cases i and 2 was emploj'ed, but incision was made above the breast, and 
the second as well as the tlnid costal caitilages weie cut When the chest was opened 
in the third intercostal space, a very wide and satisfactory exposure of the heart and 
superioi mediastinum was obtained The heart had a veij'- forceful impulse and there 
was a marked thrill over the entire oigan and over the pulmonaiy aitery After con- 
siderable time-consuming dissection, which lequired opening of the superior portion of the 



Fig II — Case 3 Seven foot roentgenogram prior to operation Moder 
ate caidiac enlargement Prominence in legion of pulmonary arteiy in 
dicated by arrows Increased markings in Tung fields Total transverse 
dimension of heart 9 8 cm Internal diameter of chest 186 cm 

pericardial sac, the underportion of the aortic arch was bared and the ductus was found 
to be 7 Mm in diameter and 7 to 8 Mm long (Fig 12) After a preliminary pinching- 
off of the ductus for three minutes, to make sure there would be no deleterious effects, 
the vessel was permanently obliterated with two heavy braided and waxed silk ligatures 
The thrill disappeared immediately, the diastolic pressure in the arm rose greatly, and 
the heart slowed (within two or three beats) from 100 to 70 This latter ver}'- prompt 
and dramatic response was probably brought about by the raising of pressure m the 
aortic arch which slowed the heart reflexly by waj' of the cardiac depressor nerve The 
pulmonary artery, which prior to ligation had been quite tense, was distinctly softer after 
closure of the ductus Two silver clips weie placed on one of the ligatures so that this 
region might be accurately identified in postoperative roentgenograms (Fig 14) The 
lung was then reexpanded with positive pressure and the chest closed 

Postopciative Coutse — The wound healed well and the patient was discharged on 
the thirteenth postoperative day (Fig 13) Like the other patients operated upon with 
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diastolic blood pressure showed a marked change Before operation this hurl i 
30 to so, and beats could be heard all the way d"own to zero Tfro^e^ Tdl^r 

pressure was almost constantly at 8o and no beats could be heard below 65 'or 70 (cLrt 

4) Postoperative electrocardiograms showed no change (Graph x) ReexamIt.S 



2nd &. 3rd Costal Cartilages 


Heart 

Phrenic Nerve 

Aorta 

Ductus Arteriosus 

f— Recurrent Laryngeal Ner\e 
Pulmonary Artery 

Collapsed Lung 


Fig 12 — Case 3 Operative exposure of patent ductus arteriosus which was 7 Mm in diameter 
Incision of pleura made posterior to the phrenic nerve After dissecting fatty and areolar tissue from 
the sulcus between aortic arch and pulmonaiy artery, the recurrent laryngeal nerve and the ductus were 
brought into view The origin of the left subclavian artery is just seen on the aortic arch, opposite to 
and a little proximal to the ductus opening Aneurysm needle passed around the ductus Second and 
third costal cartilages both cut in this case Insert shows position of the skin incision which in this 
patient was made above the breast 


the heart, two months after operation, showed the left a iricle to be smaller and there was 
a diminution in the transverse dimension of the heart of 1 cm (Fig 15) Kymograms 
also showed diminished ventricular excursions after operation Of particular interest 
was the pulmonary artery^ which had collapsed but little as viewed in the roentgenogram 
However, by kymogram, this vessel as well as the aortic knob was seen to pulsate much 
less than before operation (Graph 2) The child’s general condition has been excellent, 
she has returned to school and in the first two months after operation she has gained 
three pounds in weight 

Case 4— M F, female, age 17, entered the Peter Bent Brigham Hospital, Novem- 
ber 28, 1938, for study of her cardiac condition At the age of three, a cardiac murmur 
was first discovered At the age of five, she entered another hospital for treatment 
of marked cardiac decompensation and at that time was hospitalized for six months 
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Fig 13 — Case 3 Photograph showing position and condition 
of wound on tenth postoperative da) 



Fig 14 — Case 3 Roentgenogram of heart following operation to show 
position of the two silver clips which were placed on the ductus ties to 
identify this region The obliterated ductus is a few millimeters medial to 
these clips 
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During that time her general condition gradually improved From the age of six until 
12 there were frequent and very copious epistaxes Except for occasional dyspnea there 
was little limitation of her physical activity, but the child noticed that she always tired 
more easily than her playmates After entering high school increased physical exertion 



HOSPITAL DAY 

CiiAnr 4 — Cise 3 Uaih •’loot! pressure 
chnrt iiidicnting marked clnnge in the diastolic 
Ie\el after obliteration of the patent ductus 



GRtrii I — Case 3 Electro 
cardiograms before operation on 
left, and after operation on right 
Normal curves before operation 
No important change after open 
tion 



Fig is— Case 3 Outlines of 
heait before operation (dotted line) 
and after operation (solid line) as 
traced from seien foot heart “Ims 
showing reduction in size of heart 
following closure of the aorto ptilmon 
an artery shunt Transverse diam 
eters 98 cm and 8 8 cm before 
and after operation, respectively 



Graf II z — Case 3 Tracings taken from 
joperativc kjmogram of heart 
stoperative tracing of left , ,a„ of 

operation there was an '"creased amplitude ot 
ivcment in the left ventricular •'ceder 'vheh 
reduced after operation Fnor 
;re was marked pulsation m ‘'’c. e,"iy 

d pulmonary arterj regions vvhich is greyly 
lucecl after ligation of the ductus (A to li) 
gion of aortic knob and pulmonary arter> ( 


brought recurring episodes of moderate to'^threTmonths During 

greatly reduced On of either or both legs, accompanied bj 

these periods of incapacitation there . schooling had to be abandoned, 

a,,p„ea For tho l-r pr.orto en.r. ...ere hod beeo 

and the patient was kept at Home rot lv u 
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There was some question in this rasp rnnpprt„.i,^ 

0 />rraho« —December 22 loaR tt ^ ^ ^ improved by ligating the ductus 

..r,. j uecemder 22, 1938 Under cjclopropane anesthesia, a transverse mn 

on was made just above the breast, dividing the pectorahs major and minor muscles 
^d entering the chest m the second interspace after dividing the second costarcaTtdate 
^^ hen the lung was packed away infenorly an excellent exposure of the aortic arch aS 
pu monary artery was obtained After opening the pleural covering of the mediastinum 
a vascular and quite dense meshwork of fat and areolar tissue was found in the sulcus 
e ween the great vessels Nearly two hours were consumed m carefully dissecting this 



:xer 

rji"’ * 



Fig 17 — Case 4 Postoperative photograph to show position of the 
operative incision This transverse section of the supraniamm'ir> struc 
tiires and the pectoral muscles does not produce any clinical evidence 
of impaired lymphatic drainage of the breast 


area in order to avoid hemorrhage The ductus was finally exposed and was found to 
be 8 to 9 Mm in diameter and 5 to 6 Mm in length The vessel was firmly occluded 
with two No 8 braided silk ligatures The marked thrill which was previously felt over 
the entire heart and over the pulmonary artery now completely disappeared The heart. 


which had previously been very vigorous and overactive, immediately assumed a quiet 
and normal pulsation The diastolic blood pressure immediately increased 25 Mm of 
mercury There were no untoward effects from ligating the ductus During the opera- 
tion samples of blood for oxygen content determinations were taken from the aorta and 
the pulmonary artery before and after ligation of the ductus in order to study the blood 
flow through the greater and lesser circuits ^ The pleural covering of the great vessels 
was repaired and the chest closed after reexpanding the lung with positive pressure 

Postoperative Coiiue— There was a mild febrile reaction for four days, following 
which the temperature was normal There was some collection of fluid m left chest 
which was not aspirated and which disappeared in ten dajs The wound heale p 
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primam (Fig 17) The patient was discharged in excellent general physical condition 
on the sixteenth postoperative day The cardiac impulse has assumed a normal intensity 
The thrill has disappeared No murmurs can be heard at the apex A very faint and 
soft systolic murmur could be occasionally heard over the pulmonic region for three to 
four weeks, but this has now completely disappeared The systolic blood pressure has 
changed very little, but the diastolic pressure has a sustained increase of 25 to 30 Mm of 
mercury above the preoperative level (Chart 5) Roentgenologic examination, two weeks 
after operation, showed a definite decrease in the total transveise diameter of the heart of 
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Chart 5 — Case 4 Blood pressure chart dur 
ing: hospitalization Low diastolic pressure be 
fore operation compared to normal diastolic after 
operation 


0 S cm There has been a change in the contour of the heart, with a decrease in the size 
of the left auricle There is only slight decrease in the size of the pulmonary artery but 
the vessel has gieatly decreased pulsations on kymographic tracings The intrapulmonary 
vessels are definitely smaller and sharper Reexamination, two months after operation, 
shows the blood volume to be reduced to a normal value of 3,280 cc , the circulation time 
to be reduced to a normal of 12 seconds, and the vital capacity to be increased 


SUMMARY AND CONCLUSIONS 

The ductus aiteiiosus has a normal function of shunting blood from the 
pulmonary artery to the aorta while the lungs aie collapsed before birth If 
the ductus does not spontaneously close in the first yeai of postnatal life, the 
patient is left with a vascular fistula which then permits blood to escape in 
large quantities from the aoi ta to the pulmonary circuit The presence of such 
a patent ductus is compatible with a long and active life, but it carries with 
it an increased likelihood of superimposed bacterial endarteiitis or of car- 
diac decompensation resulting from what is essentially an artei lovenous 
aneurysm 

Surgical obliteiation is advocated as a method of avoiding the comphca- 
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tions to which the possessor of a patent ductus is liable The opeiative steps 
for accomplishing this task were studied on postmortem material, were prac- 
ticed on dogs, and are desciibed herewith The ductus can be adequately ex- 
posed by an approach through the left pleuial cavity, enteiing the superior 
mediastinum from its left lateial aspect 

The feasibility of this operative proceduie is demonstrated by the report 
of foui patients upon whom it was perfoimed without mortality or complica- 
tions These results indicate that the ductus can be explored with safety 
and that it can be permanently ligated in most instances The success which 
has thus far been encountered in these surgically treated cases makes it im- 
portant to lecognize the condition, for surgery has much to offer these in- 
dividuals AVhen theie are no serious complicating cardiovascular lesions, 
suigical closure of the ductus can be performed with low risk and should ward 
off the dangeis of subacute bacterial endocarditis and caidiac failure 
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Discussion — Dr Mont R Rod (Cincinnati, Ohio) I am sure that I 
voice the feelings of the membei s of the Amei ican Surgical Association when 
I express my admiration for this splendid and biilhant paper, we are tiuly 
grateful to you, Doctoi Gioss Theie can be no doubt that you have made 
an enduring contiibution to the knowledge and ait of suigery That others 
have thought of and tiied unsuccessfully to do what you have repoited here 
to-day, in no way detiacts from the caieful and painstaking studies you have 
just recited That is the common experience of all of us and it is rather to 
youi credit that you were not deteired by the failures of others 

Permit me also to admire the woids of caution with which you have sur- 
lounded this obvious advance in suigeiy If the opeiation which you have so 
successfully employed in foui cases should foi a time become discredited by 
misuse, it will be no fault of yours Fiom youi laboiatory and clinical in- 
vestigations you have laid down certain rules 01 standaids of proceduie which 
should be oui guiding pimciples until further experience 01 study warrants 
a change m them That changes uill come is inevitable, but to have this 
work discredited by hasty or unwise use would be deploiable 

Having in mind the ciiteria of operability which you have proposed, I 
have leviewed the lecoids of 15 living cases of patent ductus arteriosus Of 
these, II appeal to be uncomplicated by othei abnormalities, two, to have 
patent interventnculai septa, and two, to have pulmonaiy stenosis Of this 
entii e numbei , only one appeal s to satisfy fully your 1 equirements for opera- 
tive inteivention He is a pooily nourished boy, age ii, exhibiting the typical 
muimur and tin ill , the accentuated pulmonary conus , left ventricular enlarge- 
ment , low diastolic pressure , free of evidence of other cardiac defects , dyspnea , 
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and no evidence of bacteiial endaiteiitis There aie two othei cases which 
almost meet your ciiteiia of operability In this senes, theie is one child, who 
at the age of six met all of youi requirements but who now, at the age of 



NORMAL SOUND TRACING 


(I I * > ' 1 

^ 

I ’ 1 

PATENCY OF DUCTUS ARTERIOSUS 

CONGENITAL ARTERIOVENOUS ANEURYSM 


Graph i — Sound tracings of a normal heart, a heart 
\vith patent ductus arteriosus, and of a congenital cirsoid 
aneurjsm 




ttig I A as year old colored man with patent 

ductus arteriosus, ^Mth typical clinical findings, and 
in apparently excellent health 

It; appears to be perfectly well, although the ductus 

operate? On the other hand, another Jpe fge of seven, dying 

by your standaids, to justify an operation, is now, at tne age o 
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fiom bactenal endaiteiitis In view of Hamman’s experience with a malignant 
vegetative aiteiitis at the site of an aiteiiovenous fistula, I cannot help but 
question youi logic in lef using to opeiate for a vegetative lesion in association 
with a patent ductus aiteiiosus Tlieie seems, undoubtedly, to be a causal 
lelationship between patent ductus arteiiosus and the occuiience of vegetative 
endaiteiitis, and it appeals logical to me to hope that the surgical elimination 
of the patent duct might have some beneficial eftect in piomoting the healing 
of the vegetative lesion 

Table I 

SUMM\R\ or 15 LIVING CHILDREN WITH CLINICAL DIAGNOSIS OE PATENT DUCTUS 

ARTERIOSUS 

Other Complicating Defects 


Patent 

Interventricular 

Pnmary Lesion Septum 


No of cases 

Age range — i to 16 years 
Average time followed — 

4 years 5 months 
Cyanosis 
Slight 
Moderate 
Exertion dyspnea 
Slight 
Moderate 
Marked 

Penpheral edema 
Delayed development 
Clubbed fingers 
Precordial bulging 
Comgan's pulse 
Low diastolic pressure 
Systolic thnll 
Murmur 
Typical 
Systolic 
X-ray 

L V enlargement 
Accentuated pulmonary 
conus 

Abnormal EKG 
Restricted activity required 
Moderate 
Marked 
Living 

Case developed bactenal 
endocarditis at age seven 
Cases satisfying cntena for 
operation 
Definite 
Probable 


II 


2 


3 

0 


0 

2 


3 
2 
0 

1 

2 

I 

I 

0 

4 

3 


0 

0 

0 

0 

1 

o 

0 

0 

1 
I 


II 

o 


2 

0 


8 


2 


4 

o 


I 

o 


3 

I 

10 


2 

0 

2 


I (probably dead) o 


1 

2 


I 

o 


Pulmonary Stenosis 
2 


0 

1 

I 

0 

1 

0 

1 

o 

0 

1 
I 

0 

1 
I 

1 

0 

2 

I 

1 

2 

O 


O 

O 
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In a senes of 8,300 autopsies, pei formed at the Cincinnati General Hos- 
pital, theie are recorded 489 instances of patent ductus arteriosus Of these 
231 weie noted in stillboin infants and aie, therefore, of no significance 

Theie were, howevei, 258 cases m which death occuiied after birth Of 
this numbei, 176 deaths occuiied within one week and all, except one, within 
eight months On anal)'zmg the causes of death, I was impressed by the very 
high incidence of pulmonary atelectasis This is an interesting observation 
although I am not piepaied to discuss its significance Theie was one girl 
who died from a brain abscess at tbe age of 14 The clinical histoiy was 
typical of a bacteiial septicemia, although at autopsy no vegetative endaiteritis 
was noted at the site of the patent ductus 

We now have undei obseivation a colored man, age 33, who has a typical 
patent ductus arteriosus (Fig i) At the base of the heart theie is a loud 
thrill and typical machinery murmui, paiticularly m the pulmonic area 
The sound tracings aie typical, though moie intense, of a congenital cirsoid 
aneuiysm (Graph i) Theie is an enlaiged pulmonary conus, slight left 
ventnculai hypertiophy Clinically the patient is a well man Should he be 
opeiated upon^ 

I cite this case to give Doctor Gross the chance to reemphasize the fact 
that a diagnosis alone of a patent ductus aitenosiis does not wairant an 
opeiative proceduie 

I wondei if many childien who aie diagnosed as having heait disease 
and later “outgrow it” do not leally have some congenital defect as patent 
ductus aiteriosus which closes spontaneously 

Finally, there are a few minor statements to which I must take exception 
The “very tight” tying of the hgatuie about the ductus may lead to a lupture 
of the vascular coats and a subsequent fatal hemoiihage, gentle appioxima- 
tion of intimal surfaces would appeal to me to be safei I cannot subscribe 
to his belief that a pei sistence of a to-and-fi o mui mui means leakage through 
the wiinkled spaces of a collapsed ductus It would appeal to me that the 
operation for ductus aiteiiosus is ideal foi the employment of silk ligatures 
and sutures thioughout the pioceduie I believe it would lessen the incidence 
of pleuritic effusions 

These minor disagi eements must m no sense be constiued to detiact fiom 
my great admiration of this splendid piece of work 


Dr Elliott C Cutler (Boston) It is a piivilege to congiatulate Doctor 
Gloss on this piece of woik as well as to congiatulate the Association that a 
new fuiiow in the field of caidiac suigery has now been plowed Theie are 
those, I have heard, who think I played a idle m this work, and I should like to 
disabuse their minds of that It is possible that Doctor Gross, since he has been 
with us a long time, may have known that I did contemplate, in the years when 
I was active m a new field in caidiac suigeiy, playing with the idea that the 
patent ductus might be ligated But I saw an old man of 72 years of age 
with a loud machmeiy murmur and carefully studied him physiologically foi 
some months, and decided that people who had patent ductus might live to 


adult life and that surgeiy was unnecessaiy r , ,1 . 

As fuither evidence of my eaily inteiest in this matter is the tact that 
the fiist slide shown by Doctoi Gross represented the situation in a child i 
studied in Cleveland and even contemplated operating upon 

Whatever ciedit there is in this tvoik belongs entirely to Doctoi Gross 
It IS pioper to point out, I think, since we are all interested m the educa- 
tion and trammg of competent surgeons the 

this foim of woik, the form of work which your President in his masterli 
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piesentation to the Societ}'- this morning pointed out as the type of work 
which the oiganizations of learned stiigical groups should foster and en- 
couiage This piece of woik, as I look upon it, would not have come out unless 
Dr W E Ladd, of the Childien’s Hospital, and I had sort of a joint 
show wheie we shaie the same mteins and have a joint service that provides 
foi the young man adequate suigical tiaining in children’s suigeiy as well as 
in adult suigeiy Moieovei, this woik might not have been accomplished, un- 
less 111 the pediatiic seivice of the Childien’s Hospital in Boston there had not 
been competent, wide-awake and couiageous young pediatricians, because the 
suigeon alone, when he enteis such a field, must have compatriots to help him 
Moieovei, it could not hai^e occuiied unless he had had at hand a fully equipped 
suigical laboiatoiy, because one daies not enter into new fields wheie theie 
aie no signposts unless one can gam expeiience first upon animals And, 
natuiall)'’, and finally, theie must be some kind person to piovide the patients 
This type of foi wai d woi k in sui gei y i epresents the things that come from 
centeis where theie can be, foi the gi owing young surgeon, all facilities — ^the 
laboratory, the intelligent and couiageous colleagues m his medical seivice, and 
the patients to woik upon jMoi cover, such a woik gives a tiemendous stimu- 
lus to a great gioup of people 

The roentgenologist now is stimulated to make the diagnosis by a more 
competent study of the pulmonic conus The pediatrician is stimulated to 
find patients who can be saved, and the suigeon, and the anesthetist, too, 
aie stud}nng bettei what is the best appioach and what is the best anesthetic 
Doctor Gross, I hope, will elaboiate upon reasons why the operation is 
desiiable In my time I had no knowledge of the fact that the majority of 
children boin with patent ductus either die young oi succumb eaily to cardiac 
failure oi endocaiditis I believe he can give us statistical data leveahng the 
natural moitahty m this gioup, a moitality which m view of his experience 
might be, by surgical means, greatly lowered 

Dr David Cheever (Boston) I cannot lefiam fiom adding my con- 
gratulations to Doctoi Gross for his accomplishment of this remarkable 
surgical feat, and also to the Association foi becoming the vehicle of its 
tiansmission to the surgical woild 

I want to point out something that is a faA^oiite viewpoint of many of 
us, all of us, in fact, and that is the tianscendent importance of the basic 
sciences m the performance of such a thing as this — physiology and anatomy 
You noticed how Doctor Gioss brought out the essential points in the 
topographic anatomy, which enabled him to accomplish this procedure with 
so much safety and piecision Noav I admit, of course, that ligation of a 
patent ductus aiteriosus is not likely to be an emeigency procedure, so I 
imagine that anybody would have ample opportunity to look up his anatomy 
before perfoimmg it I do not behcA^e that Doctoi Gross would feel obliged 
to do that, as a mattei of fact, because, of couise, it Avas the good fortune of 
the Harvard Medical School, Avhere anatom}'- is still considered important, 
to be his alma mater 

Dr Robert E Gross In ansAvei to Doctor Reid, I do not believe that the 
best way to obliterate the patent ductus has been found I think it is a poor 
suigical proceduie to ligate a vessel in continuity Hoavca'ci, in a small place 
betAveen the great vessels in the mediastinum Avhere space is at a premium, 
it appears to be impossible to doubly tie and divide the ductus I had hoped 
to do it m one case in Avhich the ductus Avas a little longer than in the other 
instances, but it appeared to caiiy AAUth it too much danger 

Double ligatures haA'e been used on the last tAvo cases It aa ould probably 
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be a better propduie to doubly ligate, put the ligatures as far apart as possible 
and to inject between them some sort of scleiosmg fluid so that the intima 
would be destioyed and the vessel become thiombosed 

It IS difficult to estimate the prognosis m individuals with a patent ductus 
arteiiosus, because people who die of this lesion are apt to be reported, whereas 
others who go through life without any complications aie rarely reported in 
the literature The only statistics we have available at present are those of 
Maude Abbott, who collected, among her congenital caidiac cases, 92 indi- 
viduals who had a patent ductus aiteiiosus without other lesion About 
one-quartei of these lived to an elderly life, without anjr important complica- 
tions About one-quartei of them died of subacute bacteiial endarteritis, and 
almost half of them died of caidiac failure 

I do not believe that all individuals in whom the diagnosis is certain 
should be operated upon I think they should be followed for a number of 
years, because, as Doctoi Reid has pointed out, theie are individuals who 
will close off the ductus latei m life 01 who will compensate for a small 
shunt I have in mind seveial 5^oungsters I have seen in the outpatient de- 
partment who, as we have followed them through a period of years, show 
a heart which is slowing down, and which is not enlarged, they have no 
signs of cardiac failuie, and they aie developing normally in their physical 
statuie I think this type of individual should be left alone, because he may 
eventually close off his ductus, and the dangei of letting him go untreated is 
less than the danger of operative intervention 

Regarding the age at which these people die, in Maude Abbott’s senes of 
92 cases, the average age at death was 24 years 

Regal ding advisability of operation m some of the cases that Doctor Reid 
mentioned, it is hard to tell an individual who is getting along fairly well that 
operation may be an advisable proceduie In the first case that we considered 
operating upon we oui selves thought the dangers of operation would be too 
great, and operation was deferred However, the child was back in the hospital 
within a few months and died of subacute bacteiial endarteritis Thus, the 
fact that a patient has lived to 33 years, 01 one is 18 years of age without any 
particular tiouble, is no indication that such an individual is going through 
the remainder of life without difficulty 

Regarding Doctoi Reid’s patient 18 years of age, who does not have endo- 
cardial infection, it is possible that such a patient may return later with 
subacute bacterial endarteiitis I say this because in the last few months I 
have been consulted m legard to three patients who had lived into the third 
decade without any evidence of cardiac disability, and all of them now have a 
fatal bacterial endocarditis 

I originally held the impression that patients who have subacute bacterial 
endarteritis should not be opeiated upon, because I felt that the manipulations 
in the region obviously would dislodge some of these vegetations and produce 
emboli But since then, I have come to believe that some individuals with 
supervening subacute bacterial endarteritis should possibly be explored I 
arn not quite sure of this stand as yet, but it is possible that if you can close 
off the shunt you may stop the swiiiing of blood and the growth of the vege- 
tations Then, sulfapyndine or sulfanilamide would have a better chance to 
destroy those bacteria which are piesent 
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During the past 40 years a few clinically useful syndromes have been 
delineated fiom among the evei -increasing numbers of craniocerebi al injuries 
with which the suigeoii is lequiied to deal Among the better understood 
entities of tiaumatic oiigiii maj^ be mentioned simple and compound depressed 
fiactures of the skull and subdural and epidural hemoiihages In diiect 
accord with the compiehension of the pathology and the pathogenesis of these 
conditions rational and effective therapy has been devised, and the major sur- 
gical principles lelative theieto are no longer matteis of controversy The 
morbid anatomic distui bailees underlying these entities frequently represent 
only a part of the entiie pathologic process that may be encountered in any 
given instance, multiple lesions being the lule lather than the exception 
There remains a laige numbei of patients with biam tiauma presenting 
bizarie clinical pictuies dependent upon diversified pathologic states, the pre- 
cise interpi etation of which still escapes us Cases m this group show clinical 
evidence of a giave ceiebial insult charactei ized by piofound alteiations in 
constitutional, neuiologic, and psychologic states The gioss pathologic fea- 
tures obseivable at autopsy m fatal cases often include cerebial lacerations, 
surface contusions, subpial, subaiachnoid, and ditfuse intiacerebial petechial 
hemorrhages and vaiifoim zones of edema These obvious lesions are fre- 
quently regal ded by suigeons and pathologists as an adequate explanation of 
the symptomatology, clinical couise and consequent death of the patient We 
consider such an interpi etation as being distinctly open to contioversy Cer- 
tain less obvious but none the less real factois of a pathophysiologic nature 
resulting from the trauma and loosely spoken of as fluid imbalance, intra- 
moleculai deiangements, circulatoiy alteiations and vegetative dysfunction 
almost mvaiiably accompany the gioss anatomic findings Indeed these fac- 
tois may and do exist m fatal cases without demonstiable laceiations, hemor- 
rhagic extravasations 01 edema of the brain 

The deficiencies of our understanding of the pathogenesis and physiologic 
pathology represented m the group of ceiebial insults referred to above and 
under consideration m this papei, appear to be responsible for the present day 
controvei sies regaiding the treatment of patients so injured The wide dis- 
paiity of viewpoint among those of seemingly equal authority concerning the 

*Read before the New Y'ork Surgical Society, November 23, 1938 Submitted for 
publication October 31, 1938 
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treatment of patients with craniocerebral injuries has been indicated by diiect 
reference in a previous paper ^ The opinions expiessed by many of these 
authors seem to lepresent personal impressions empirically arrived at and 
based largely upon then clinical experience Until further controlled investi- 
gations shall replace concepts i cached chiefly by inference, our understanding 
of these obscure ceiebial dysfunctions will be retarded with the consequence 
that logical therapy will be delayed The deaith of proper investigation may 
be for the most part attributed to the readiness with which authors and clini- 
cians resoit to the appaiently sufficient notion of “compression” as an explana- 
tion for the constitutional, neurologic, and psychologic alterations observed 
in patients with brain trauma This notion, in turn, is traceable to tbe mis- 
directed application of findings derived from ceitam animal experiments to 
clinical material The inappi opriateness of this adaptation becomes apparent 
when the materials and methods of expeiimental conditions are compaied with 
the cncumstances attending traumatic ceiebial insults In tbe animal, the 
physiologic alteiations in blood piessuie, pulse rate, lespiratory late and in- 
tracranial pressuie weie produced by piessuie applied to the external surface 
of a brain possessed of an intact vasculai tiee, wheieas in the tiaumatized 
human brain the lesion pi oducing the dysfunction is usually intracerebral and 
IS commonly associated with focal or moie geneiahzed thiomboses of aiterioles 
and venules Thus it becomes evident that the concept of “compi ession” as 
an explanation of the altered physiologic state of the traumatized patient may 
be applied in relatively few instances When the insufficiency of this tra- 
ditional interpretation is widely recognized, new approaches to the problem 
may be devised and may prove of value in tbe delineation of fuither clinical 
entities, their pathogenesis, diagnosis, prognosis and tieatment 

A study of the histoi ic development of the ti eatment of bi am trauma since 
the time of Duret- and von Bergmann^ reveals two dominant influences The 
first of these was the demonstiation of the “four classical stages of brain 
compression” by Kocher^ and Cushing ^ c 7 jj-jg second was the finding of 
Weed and his collaboiators® that inci eased intiaciamal tension may be in- 
fluenced by changing the osmotic pi essure of the blood tbrough the agency of 
hyper- and hypotonic solutions 

According to Kocher the following sequence of events dependent upon 


increasing intracranial compression is noted 

(I) Stage of Accommodation When an expanding agent begins to en- 
croach upon the intracranial contents, its earliest effect is to displace some of 
the cerebrospinal fluid from the cianial vault The cerebial venous bed is the 
fiist to suffei the effects of this compression because of its relatively low ten- 
sion, and the capillary vessels are the next in older As yet, however, the 
induced intracranial changes exert no lecordable response on the part of the 
systemic circulation Headache, focal signs, apathy, drowsiness and slight 
distention of the letinal vessels constitute the chief manifestations . Tlie im- 
mediate prognosis in this stage is good and calls for expectant treatment 

(II) Stage of Early Manifest Symptoms When the effect of the increasing 
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mtracianial tension is sufficient to expel blood fiom the capillaries, anoxemia 
of the vital bulbai centeis leflexly elicits a slight use in systemic blood pres- 
suie The stimulation of the vagal centers undei the same circumstances pro- 
duces a letaidation of the pulse late and a bounding chaiactei of the systolic 
impulse Venous congestion of the head is levealed by facial cyanosis and 
dilatation of the venules of the lids and retina Headache inci eases and ex- 
citement, veitigo, lestn'eness, dehiium and unnatural sleep supeivene Focal 
signs, if present, become exaggeiated and the lespiiatoiy late is slowed The 
immediate prognosis foi life in this stage lemains good 

(III) Stage of Ad\anced IMamfest Symptoms As the compiessing foice 
inci eases, capillar}'^ anemia and aiteiiolar stasis become seveie and the medul- 



Chart I — Illustrates tlie alterations in blood pressure 
and pulse rate following a rise in intracranial pressure 
according to the experimental findings in animals as noted 
bi Kocher, Cushing and Cannon After recovery from 
the initial shock as the progressive increase in intracranial 
pressure is established, no change is imposed on the blood 
pressure and pulse rate until the intracranial pressure be 
comes equal to the diastolic and/or mean arterial pressure 
When these levels are reached the blood pressure rises and 
the pulse rate falls With increasing embarrassment, medul 
larj failure appears and collapse becomes clinically evident 
Sy “Systolic pressure, Dia =Diastolic pressure, P =PuIse, 

Sp =Cerebrospinal fluid pressure (From Browder and 
Mejers Am J Surg , 31, 3, 403-426, 1036) 

lary i espouse pioduces a high blood piessuie which is charactei ized by iiiegu- 
lai fluctuations The pulse takes on a typical A’^agal quality and its late falls 
to 40 or 50 beats per minute Cyanosis becomes extieme The respirations 
are effoitful, often chaiactenzed by peiiods of apnea or at times by Cheyne- 
Stokes cycles The pupils may be dispaiate and may vaiy m size from time 
to tune The optic disks aie choked Reflexes are abolished The mental 
state ma}'' range between deep coma and excitability The piognosis in this 
stage is giave and immediate suigical interA^ention is requned 

(IV) Stage of Medullary Collapse As the intracranial pressure con- 
tinues to mciease, the ovei stimulation of the vital bulbar centers leads to their 
exhaustion The blood piessuie diops steadily, the pulse late is acceleiated, 
the caidiac rhythm becomes inegulai and the heart action becomes poor The 
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patient now presents the picture of shock All reflexes are abolished The 
pupils dilate and become fixed to light Coma deepens and urinar} incon- 
tinence occurs Irregularities in the respiratory c}cles are finally follo^\ed 
by respiratory failure In this stage, prognosis is beheA^ed to be hopeless, 
regardless of the treatment employed 

Cushing, folloAAing the lead of Kocher, demonstrated experimentally in 
progressively increasing intracranial tension, the step-like rise of blood pres- 
sure Avhich marks the period of medullar)’- compensation He’ proposed the 
following principle “An increase of intracranial tension occasions a rise of 
blood pressure which tends to find a level slightly abo\e that of the pressure 
exerted against the medulla ” The schematic representation. Chart i, com- 



Chart 2 — Illustrates the course of events following a 
rise m intracranial pressure according to a conception vvidel> 
eraploved and taught in surgical practice After recoverv 
from the initial shock the intracranial pressure rises and 
there are a pan passu rise in the blood pressure and fall in 
pulse rate until medullarv failure ensues From this point 
on, the blood pressure falls, the pulse races and shock 
becomes evident leading almost inevitablj to death (From 
Browder and Mejers Am J Surg , 31 3 403-426, 1936) 


bines the findings of Cannon’’ relatne to the intracranial change immediate!) 
consequent upon trauma and the changes observed by Cushing® under the 
experimental circumstances of increasing intracranial tension Cushing later 
expressed the conAuction that the data so acquired are clinically applicable 
and have their parallel in the physiologic disturbances resulting from sudden 
brain insults m the human, such as may occur in certain cases of apoplexy and 
several types of cerebral trauma To quote his’ conclusions regarding this 
point “Varying degrees of rapid increase in intracranial tension produce cor- 
responding disturbances in the intracranial circulation To these circulator) 
disturbances the symptoms of compression are solely due The condition 
known as acute cerebral compression may be conveniently subdnided into four 
stages dependent upon the degree of circulatory alteration uhicli has been 
reached Each of the stages has its own more or less characteristic symptom- 

compk^ major or underlying symptoms originate in the centers situated in the 
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medulla and aie only called out when the degree of intiacianial tension begins 
to appioach the aiterial tension so that anemia is threatened A circulatory 
condition m the medulla which holders upon anemia has the effect of stimu- 
lating the vasomotoi centei Thus a use m blood pressuie is occasioned 
which lestoies the local cn dilation The extent of this rise may be taken as 
an indication of the degiee of advancement of the compiession Beyond a 
ceitam point, howevei, this reaction cannot take place The vasomotor center 
under these cncumstances fails and the lespiratory effoits cease entirely 
“In conjunction with othei symptoms a piogiessive increase in aiterial 
piessuie 01 a high degree of the same which has alieady been reached, or 



Chart 3 — Illustrates the relationship of cerebrospinal 
fluid pressure, pulse rate, respiratory rate and blood pres 
sure in a patient, age 24, having a fracture of the skull and 
1 clinically unrecognized epiduial hemorrhage The course 
of events during a 72 hour period, beginning within an hour 
of injury and ending at death, is recorded A lack of con 
formance to the theoretically expected pattern is evident 
Sp P =Cerebrospinai fluid pressure, R =Respirations, P — 

Pulse, T =Temperature, Sj =Systohc pressure, Dta =Dia 
stolic pressure (From Browder and Mejers Am J Surg , 

31. 3, 403-426, 1936 ) 

a pressure which exhibits, fioni moment to moment, great alterations m level 
may be taken as a ceitam indication of the advisability of early operative 
intervention The inti acranial tension should be relieved by the elevation 
of a laige osteoplastic flap from one hemisphere or the other with a cor- 
responding opening m the dm a” Following this dictum, the tieatment of 
cerebral injuiy was generally posited on the idea that cerebral compression 
is the prime factor in the production of the clinical pictuie The decompres- 
sion operation, therefore, was AVidely piacticed m the tieatment of brain 
trauma and in ceitam clinics to-day this surgical procedure is a commonly 
employed therapeutic measure It is to be noted that m none of the human 
cases submitted by Cushing m substantiation of his conclusions did there 
appeal any lecoids of the mensuration of the cerebrospinal fluid pressuie or 
of other methods of detei mining the intracranial tension 
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Gradually theie evolved m surgical teachings a clinical adaptation of the 
experimentally acquiied idea, namely, that the observed alterations of blood 
pressuie and pulse rate 111 an instance of brain trauma constitute a reliable 
index of the magnitude of mtracianial tension and, therefore, of the iiidica 
tion for treatment (Pearce Bailey^" and Janewayii) The basic features of 
this modification aie graphically recorded m Chart 2 While the deductions 
fiom animal experiments possess at least the virtue of holding tuie for the 



Chart 4 — -Illustrates the relationship of cerebro 
spinal fluid pressure, pulse rate and blood pressure in a 
patient age 39, having a fracture of the skull and cerebral 
lacerations subdural and subpial hemorrhages, multiple 
petechial hemorrhages and diffuse cerebral edema The 
course of events during a 15 hour period, beginning within 
an hour of injury and ending at death is recorded As 
in Chart 3, a lack of conformance to the classical pattern 
IS evident (Trom Browder and Mejers Am J Surg , 

3. 403-426. 1936 ) 

conditions of the experiment, theie is nothing from expei imental sources and 
little from clinical data to substantiate the teachings as repiesented in Chart 2 
The inability of the present writers to interpret clinically the altei ed brain 
functions of many traumatic cases in terms of the classical teachings led to 
a systematic study^ of the behavior of the blood pressure, pulse, respirations, 
state of consciousness and cerebrospinal fluid pressure following craniocere- 
bral injury It was concluded from these investigations that measuiable in- 
creased intracranial tension is rarely capable of pioducing medullary paralysis 
in cases of fatal head injuries The classical pattern of signs consisting ot 

362 





Volume 110 
Number 3 


HEAD INJURIES 


a steady use above noinial levels of systemic blood piessure, concomitant 
fall m pulse late, deciease in lespiiatoiy late, stupoi, vomiting, etc , which 
has been alleged to indicate that the mtracianial pressure is on the inciease 
was not obseived m this senes of patients with hi am insults The conviction 
was. theiefoie, expiessed that whethei singly oi in combination, the blood 
pressure, pulse rate, lespnatory rate and the state of consciousness cannot 
he lehahly legaided as an index of mtiacianial tension Furtheinioie, le- 
peated mensuiatioii of the ceiehiospinal fluid piesstiie cannot be made a 
ciiteiion of the clinical state of the patient, his likely futuie couise and the 
indication foi theiapy Charts 3, 4, and 5 aie examples of lecoids of the 
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Chart s — Illustrates the relationship of cerebrospinal 
fluid pressure, pulse rate, respiratory rate and blood pres 
sure in a patient, age 28 having a fracture of the skull and 
probably diffuse intiacerebral hemorrhages and edema The 
course of events during a 22 hour period, beginning within 
an hour of injurj, is recorded Rapid recoverj ensued 
Again, as in Charts 3 and 4, there is noted a wide departure 
fiom the schema usuallj taught (From Browder and 
Meyers Am J Surg , 31, 3, 403-426, 1936 ) 

original 23 studies in these senes It may readily be seen that the bizaiie 
patterns illustrated by these chaits are 11 1 econcilable with the classic Kochei 
schema In fact, m clinical practice one raiely encounters a measured intra- 
cranial piessuie which even lemotely appi caches the magnitude of that 
denionstiated by animal expeiiment to be necessary (80-100 Mm Hg ) to 
altei the blood piessuie and pulse rate It is of fuithei inteiest that in some 
of oui earlier expeiiences, patients Aveie encountered wnth stupor, elevated 
blood piessuie, slow pulse rate and othei manifestations rvhich, according to 
the usual teaching, would have piesaged the existence of a high degree of 
mtiacianial tension, m wdiom at opeiation the biain was found to be as much 
as I to 2 cm below the duial suiface of the skull 

In Older to properly evaluate the constitutional and neuiologic inanifes- 
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tations ansing fi om inci easing intracranial presstiie in the human, under 
circumstances comparable to those obtaining in the animal experiments re- 
ferred to above, a gioup of patients with large cranial defects was studied 
and the results lepoited in a previous communication Under the condi- 



Chart 6 — Illustrates the relationship of cerebrospinal fluid pressure pulse rate and blood pres 
sure in a patient, age 5a, who had undergone a partial extirpation of a left frontotemporal glioblas 
toma multiforme one and one half months before Through the resulting skull defect the 
intracranial pressure could be readilj altered Although an intracranial tension well above that 
usually encountered clinicallj, was sustained for go minutes, the expected alteration of blood 
pressure and pulse rate iias not encountered Hd P =Head pressure Sy = Systolic pressure, 
Dia =Diastohc pressure, P =Pulse, Sp P =Cerebrospinal fluid pressure, Resp =Respirations 
(Arch Surg , 36, 14, 1938 ) 



Ckarp 7 — Illustrates the relationship of cerebrospinal fluid pressure 
pulse rate and blood pressure in a patient, age 39. "ho 
subtotal extirpation of a right parieto occipital glioblastoma multiforme three 
months before Through the resulting skull defect, the intracranial pressure 
could be readily altered Although an intracranial tension, well above that 
usually encountered clinically, was maintained in the early part of the e^eri 
ment neither arterial hypertension nor bradycardia appeared Only wnen 
the intracranial tension exceeded, in millimeters of mercury, that of the 
dmstohe and 7 or meaTartenal pressures were significant systernm changes 
nrnrlnced and eien these were not sfrictlj according to the expected pattern 
7 nee the pulse rate changes followed, rather than ran counter to, those of 
the blood pressure (Arch Surg, 30, i 5 » 1930; 

tions of this expeiimental set-up the intracranial pressure could be altered 
within limits to any desired extent by applying pressure over the cianial detect 
and the resulting changes of the blood pressure, pulse 
and state of consciousness recorded A review of the reco ds 3 
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experiments led to the conclusion that no clinically significant alterations m 
blood piessuie, pulse late, lespiiation and mental state weie produced by 
advancing the inti acranial tension until this piessuie i cached or exceeded 
the level of the diastolic blood piessure In geneial, support was lent to the 
obseivations denved fioni the animal experiments of Duiet,- Kocher/ Cush- 
ingS, c. 7 otheis However, attention should again be diiected to the fact 
that intiaciamal tensions of a magnitude sufficient to pioduce alteiations in 
blood pressuie, pulse late, etc , aie far m excess of those clinically encounteied 
Chaits 6 and 7 aie giaphic lepresentations of the obseivations made m two 
of the human expeiiinents m this senes The important implication aiising 
flora these expeiiinents is that, m a consideiation of alteied constitutional 
and ps)Hiologic states in a patient with biain tiauma, it becomes necessaiy 
to postulate factois other than inci eased intiaciamal tension to explain such 
changes 



Chart 8 — Illustrates the relationship of cerebrospinal fluid pressure, pulse rate and blood pressure 
m a patient, age 19 who had a nndline ceiebell-ir astrocjtoma A needle was passed into the ncht 
lateral ventricle, and through this, ph>siologic saline was injected so as to alter the intracranial tension 
It ma> be seen that the vital signs were not appreciablj altered by acute elevations of the intracranial 
pressure to levels well above those usually recorded clinically Sy =Sjstolic pressure, Dia =Diastohc 
pressure, PR = Pulse rate, Hd = Intraventricular pressure, Sp P = Cerebrospinal fluid pressure, 
Resp = Respiiations 


The information obtained from both clinical and experimental investiga- 
tions m man, relative to the factoi of intiaciamal tension, appears to place 
this agent m a role of small significance, at least with refeience to its utility 
m accounting foi the alteied vital signs associated with severe tiauma of the 
brain Neveitheless the question aiose as to whether piessure exerted fiom 
within the ventriculai s)'^stem might not piove adequate to alter the blood 
pressure, pulse rate, lespiiation and mental state at a magnitude considerably 
less than that found necessary to effect such changes when applied to the 
external suiface of the biain Theiefoie a method* was devised whereby 
the mti aventriculai pressuie could be diiectly altered and the effect on the 

With the patient Ij’-ing in the lateral position, a ventricular needle was introduced 
into the lateral ventricle and secured in place by a special device designed to prevent the 
escape of cerebrospinal fluid Through this needle saline solution could be injected under 
controlled pressure The experimental set-up was such that at intervals the blood pres- 
sure, pulse rate, respiratory rate, cerebrospinal fluid pressure and intraventricular pressure 
could be recorded 
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vital signs of an increase m tension could be recorded In a series of fi^e 
such experiments the results obtained were essentially consistent with those 
observed following the application of an external pressure agent Charts 8 
and 9 are graphic illustrations of the results obtained under these conditions 
These findings appear to warrant the exclusion of increased intraventricular 
pressure as an adequate explanation for the observed clinical alterations of 
vital signs in patients with biain trauma 

These three lines of evidence concerning the factor of cerebral compres- 
sion that derived from observations on the behawor of the svstemic blood 



Chart 9 — Illustrates the relationship of cerebrospinal fluid pressure, pulse rate and Wooii 
pressure in a patient, age 32 nith a well established histeria characterized mutism A needle 
was passed into the right lateral ^entncle, and through this ph>siologic saline solution was injected 
so as to alter the intracranial tension As in Chart 8, the changes in the Mtal signs that were 
produced by the marked acute derations of intracranial tension were clinicallj msignincany and 
in any case were not those of the classically expected pattern Sj =SrstoIic pressure, Dia — Oia 
stohc pressure, P R =Pulse rate, Resp =Respirations, Sp P = Cerebrospinal fluid pressure, lid 
P =Intrarentricular pressure 

pressure, pulse and spinal fluid pressure fofloiimg craniocerebral injury, that 
from the alterations in vital signs associated with changes in intracranial ten- 
sion experimental^’- produced by an external pressure agent , and that from 
the alterations in vital signs associated with changes in intracranial tension 
experimentall}'- produced by the application of an intra\ entncular pressure 
agent— lend strong support to the vieu alread} expressed, namely, that the 
changes in the constitutional, neurologic and psychologic states of patients 
showing evidence of seiere trauma of the brain, are not applicable in terms 
of increased intracranial tension pe, se The indication for decompression 
procedures would appear to be rare in the light of the foregoing, and in point 
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of fact, this same conclusion has been empiiically i cached on clinical giounds 
This contention may be held to apply with equal foice to lepeated drainage 
of cei ebi ospinal fluid by lumbai punctuie when this has as its pnmaiy goal 
the 1 eduction of mtiacianial piessuie This does not mean to imply that 
patients aie iievei encounteied in whom the i eduction of even a mildly m- 
ci eased mtiacianial tension may not favoiably influence the vital signs foi a 
shoit peiiod In such cases, howevei, oui inteipretation has been that the 
less obvious factois consequent upon cianioceiebial violence (“intiacellulai 
edema,” “fluid imbalance,” “iiiti amoleculai derangements,” etc ) are piesent 
and piobably aie the pi line deteiminants of the alteied vital signs That such 
lesions may in tuin be fuithei changed by mechanical factois pioducing m- 
ci eased mtiacianial tension is reseived as a definite and plausible probability 
Examples of this kind, howevei, aie few 

If, then, the treatment of the majoiity of patients with seveie brain m- 
juiies IS not to be diiected at the nieie reduction of intiacranial tension, it 
must of necessity be concerned with an attempt to impiove the function of 
the damaged mtiaceiebial tissues by othei means Theie aie seveial meiito- 
iious contiibutions dealing with the histopathology of ceiebral tissues alteied 
by tiauma Howevei, in the present state of our knowledge, little of 

a piecise natuie is known concerning the coii elation between these lesions 
and the dysfunction pioduced theieby Much less mfoimation is available 
legaiding the tinclei lying biochemical and biophysical cellular changes 
Whethei the effects of the tiauma aie imposed diiectly on the paienchyma 
of the biain oi whethei the changes aie secondaiy to humoial (blood and 
ceiebi ospinal fluid) alteiation, cannot be stated Heie is a field soiely in 
need of caieful investigation 

111 the histone development of the tieatment of biam tiauma, the contiibu- 
tion of Weed and McKibben,^ which appealed in 1919, stands as the second 
dominant influence These woikeis demonstiated, in a senes of well con- 
ti oiled expeiiments, that the mtiacianial piessnie could be 1 educed in the 
noimal animal by the mtiavenous injection of hypei tonic solutions Clinicians 
weie piompt in lecognizmg the applicabilit)^ of this finding to therapeutics and 
employed it widely m the management of a vaiiety of mtiacianial lesions 
The eaily optimism attending the use of these solutions (dextiose and sodium 
chlonde) was somewhat tempeied by the expenence that an occasional patient 
tieated in this mannei showed an immediate untowaid reaction Accordingly, 
m 1929, one of us (BiowdeC®) earned out obseivations of the sequence of 
physiologic events following the mtiavenous admmistiation of a 100 cc dose 
of 50 per cent dextiose solution In a senes of five patients, all of whom 
piesented clinical evidence of lecent biam tiauma, theie was disclosed, fol- 
lowing the injection, the expected initial 1 eduction m cei ebrospmal fluid pres- 
suie, but within the couise of one and one-half hours there ensued a secondary 
1 ise to a level appi oximately 4 Mm Hg highei than that initially recorded 
In a second gioup consisting of thiee patients also with lecent biam tiauma, 
the immediate 1 espouse to the injection of this dose of hypertonic dextrose 
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^lution was a use in the cei ebi ospinal fluid piessure of approximately 8 Mm - 
g At no time dm mg the period of obseivation following the injection was 
theie noted a fall of piessme below that of the contiol peiiod A third type 
of leaction was that observed in a seveiely injured patient in whom there 
occuiied, almost immediately after the administiation of the dextrose solution 
an abrupt use of the systolic and diastolic blood pressure and a concomitant 
rise in the cerebi ospinal fluid piessure from the control level of 28 Mm Hg 
to a maximum of 66 Mm Hg within a 15 minute period Attending these 
changes the respiiation became accelerated and laboied, the pulse rate lose 
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Chart io — Illustrates the relationship of cerebrospinal fluid pressure, pulse rate and blood pressure 
m a patient, age 28, with a severe craniocerebral trauma Nine hours after injury 100 cc of s® 
cent solution of dextrose Mere injected intravenously The fall of cerebrospinal fluid from 15 Mm Hg 
to 4 Mm Hg following the introduction of the needle could not be explained As recorded, there mRs 
a rise in cerebrospinal fluid pressure subsequent to the injections The independent readings at 3U0 
minutes after the infections avere made two hours before a second administration of a similar amount 
of dextrose, the effects of which are recorded in Chart ii 

to an extreme level, cyanosis appeal ed and the patient died one hour and 5 ° 
minutes following the injection This latter expeiiment dramatically demon- 
strated that the use of hypertonic dextrose solution in the loutine tieatment 
of patients with lecently inflicted biam trauma is not without danger In 
1932, Jackson, on the basis of findings deiived fiom similai experiments, 
arrived at the same conclusions Consequently, hypertonic solutions ivere 
employed by us with much reserve during the first 48 to 72 hours following 
injury Between 1930 and 1936, many clinical observations were made fo - 
lowing the use of hypertonic solutions, and the unpredictable reactions ob- 
served indicated that our understanding of the physiologic actions of these 
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solutions was wanting Theiefoie, m 1936, expei iments, similar 111 principle 
but moie elaborate than those initially conducted, weie lesumed by Dr Floyd 
Biagdon, then Resident Neurosuigeon at the Kings County Hospital Thus 
far, detailed obseivations of the effects of various hypertonic solutions on 
the intracranial tension as measured by the cei ebi ospmal fluid pressuie have 
been lecorded m 52 expei iments The solutions used m these experiments 
include sodium chloride, dextrose, suciose and the new phaimaceutic prepa- 



Chart II — Illustrates the relationship of cerebrospinal fluid pressure, 
pulse rate and blood pressure in the same patient referred to in Chart lo 
Here, bj contrast with its earlier rise, the cerebrospinal fluid pressure was 
reduced following the intravenous injection of an hypertonic solution The 
capricious character of response is to be emphasized 

ration, sorbitol It may be stated, on the basis of these investigations, that 
in the normal human as in the animal experiments of Weed,® the hypertonic 
solutions usually effect a 1 eduction in cei ebi ospmal fluid pressuie when ad- 
ministered mtiavenously In contrast to this action, it was noted that follow- 
ing the admimsti ation of these solutions to patients with clinical evidence 
of biam trauma, the physiologic effect on the cerebrospinal fluid pressure 
could not be piedicted Charts 10 and ii giaphically illustrate the capricious 
chaiacter of the effects lecoided following two successive intravenous injec- 
tions of dextiose m one such patient There is no well substantiated explana- 
tion for these 11 regularities 

On the basis of the data derived from the 1929 series of experiments, it 
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was proposed at that time that the intenuption of the cerebrovascular channels 
by trauma establishes a physiologic distuibance so that hypertonic solutions 
frequently do not produce the expected effect The more lecent experiments 
of Doctor Biagdon have shown that these abnormal leactions may be en- 
countered in a variety of ceiebial lesions other than those due to trauma and 
that anatomic intenuption of the vasculai tree is not an essential prerequisite 
In the light of this evidence it seems defensible to hold that the routine use 
of hypertonic solutions m the treatment of patients with brain tiauma is not 
only ineffective in certain cases, but may actually produce untowaid reactions 
Under circumstances m which it seems desirable to utilize this form of treat- 
ment, it must be understood that the fall in ceiebiospmal fluid pressuie, if it 
occurs at all, is seldom sustained at the reduced level for a peiiod of more 
than one and one-half to two hours and that undesiiable effects may on occa- 
sion follow its use 

A review of the seveial lines of evidence thus far presented leads again 
to a recognition of the point to which reference has already been made, namely, 
that the development of lational methods of tieatment for that group of 
patients which lepresents the object of our piesent inquiries awaits a moie 
precise understanding of the pathologic physiology underlying intracerebral 
trauma To-day, as formerly, the treatment of the majoiity of patients with 
severe brain damage, exclusive of those with depi essed fractures of the skull, 
epidural and subdural hematomata and large intracerebi al clots, remains highly 
empiric Therefore, when the suigeon encounters a clinical problem in 
cianiocerebral trauma his fiist i esponsibility is to determine with reasonable 
cei tainty whether there is present one or moi e of tliese four operatively ame- 
nable lesions associated with the more generalized trauma of the brain Inas- 
much as reliable differential diagnosis is commonly not possible on the basis 
of clinical findings alone, methods of gieatei precision become necessary It 
has been quite generally accepted that loutine roentgenologic examination of 
the skull be employed in oidei to establish the position of the falx cerebii and 
pineal body It has been our expeiience that while this measure may aid in 
determining the presence of an intracranial blood clot of suigical significance, 
it IS incapable of indicating the location of the lesion with exactness Further- 
more, we have occasionally met cases m which, pai adoxically enougli, the 
falx occupied a midline position and m which a sizable intracianial hematoma 
was proven to exist In addition, it is to be recognized that calcific deposits 
upon which the roentgenographic demonsti ation of the pineal body depends 
are raiely present m young individuals and are absent in a fair percentage of 
adults 

Accordingly, in relatively fresh cases demanding prompt and precise 
diagnosis as a basis for theiapy, we have resorted to aerographic roentgen- 
ologic studies of the head One of two methods is open to us liere The in- 
troduction of 40 to 60 cc of air as contrast medium into the subarachnoid 
space of the lumbar thecal sac (encephalography), or the introduction of air 
directly into the ventricular system in quantities sufficient to obtain complete 
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filling (ventiiciilograph}^) Our experience during the past five years has 
established the usefulness of this method of examination, indeed, its indis- 
pensability in the management of ceitam instances of severe brain injuiies 

When the diagnostic issue, m a given case, has been lesolved to the exclu- 
sion of the surgically amenable lesions by the application of one or a combina- 
tion of the above methods, the management of craniocerebi al tiauma reduces 
itself to palliative, suppoitive and h)'-gienic measuies These include the 
following 

(1) A position 111 bed which peiniits an unobstiucted return of venous 
blood fiom the head and a fiee lespiiatoiy exchange these requiiements are 
usually best met m a moderate Fowler’s position with the patient turned on 
the side m such a postuie as to peimit the tongue to giavitate forward and to 
give fiee diamage of mouth and nasal secietions Caieful turning fiom side 
to side, m log fashion, at pei iodic intervals will aid m the prevention of 
hypostatic congestion 

(2) Sufficient sedation to insure against excessive motor activity chloral 
h3'^diate bromides, paraldehyde and the baibituiates have proven useful for 
this purpose 

(3) Mechanical lestiaint to pi event fuithei injuiy theie are several 
methods of restiainmg a patient, all of which possess merit provided ceitam 
precautions are exeicised A crib type of bed is an indispensable necessity 
When applying restraints in the foini of camisoles, twisted sheets, cuffs and 
othei devices which immediately contact the body, particular care should be 
taken that no undue ti action is exerted against the axilla lest the nerve tiunk 
coursing fiom the biachial plexus be damaged Bony prominences should 
be padded to pi event the occuirence of cutaneous abrasions 

(4) The contiol of body tempeiatuie this important item calls for the 
simultaneous lecoiding of both axillary and lectal temperatures at two hour 
intervals during the fiist 36 houis following the injury In the event that 
the rectal tempeiatuie uses above 102° F, brisk rubbing of the skin with 
warm wet cloths followed b)'- fanning is to be instituted and continued until 
the tempeiatuie falls below this ciitical level If the temperature cannot be 
conti oiled by these measures, colonic instillation of cold tap water in quanti- 
ties of one to two liteis may be lesoited to Each instillation of cold tap 
watei should be left in the colon for five to seven minutes after which it is 
to be di allied away and leplaced This may be lepeated until the desired 
1 eduction of temperature is attained The axillaiy temperature should be 
lecoided every ten minutes duimg this pioceduie and ought not to be re- 
duced below 100° F Too lapid a 1 eduction of temperatuie is to be avoided, 
and the appeal ance of cyanosis is a signal foi the tempoiary mtenuption of 
the tieatment Under exceptional circumstances it ma} be necessaiy to resort 
to wet packs The point to be given emphasis is that tempei atures aie more 
leadily conti oiled at lover le^els than vhen they exceed 104° F 

(5) The maintenance of an adequate vatei balance and of the patient’s 
nutiition the eaily passage of a Lewne tube through the nose in nonresponsive 
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patients serves several purposes Through it magnesium sulphate in three 
ounce doses may be intioduced The dehydrating action of this purgative 
may have a beneficial cerebral effect and in any event the purgation produced 
may aid in cleansing the gastro-mtestmal tract of noxious substances A body 
fluid balance may be maintained by the administration of fluids and food 
through the tube thereby making lepeated introduction of subcutaneous and 
intravenous fluids unnecessaiy In geneial two liteis in a 24 hour period is 
an average quantity, but the amount of fluid administeied will of necessity 
be governed by the degi ee of febrile state prevailing In any case an excessive 
dehydiation is to be avoided The length of time these measures are to be 
continued will natuially depend on the progress of the patient On occasion 
they have been emplo)^ed to a successful conclusion for as long a period as 
five weeks 


SUMMARY AND CONCLUSIONS 

It may be held that the traditional account of the manifestations of cranio- 
ceiebral trauma in terms of brain compression is incapable, m the majority 
of cases, of being reconciled with the data deiived from clinical, pathologic 
and experimental investigation Similarly, explanations attributing the ob- 
served changes to such gioss lesions as lacerations, contusions, subarachnoid 
hemorrhages and edema fail, except in a few instances, to provide satisfying 
answers The evidence available rather indicates the necessity of experi- 
mental inquiry into the natuie of the moie subtle pathologic intracerebral 
distuibances, paiticularly of the derangements of the physicochemical con- 
stitution of nerve cells and their processes Until precise knowledge along 
such lines is acquired, bunging with it an understanding of the pathogenesis 
of the majority of severe cerebial injuries comparable to that at present 
possessed m connection with epidural, subdural and intracerebral hemorrhages 
and with depressed fractuies of the vault, just so long will treatment remain 
empiric 

Since it has been demonstrated that increased intracranial tension is rarely 
the basic problem m craniocerebral trauma, it is evident that efforts to reduce 
it, by either surgical or chemical means, are laigely misdirected Further- 
more, and this with particular reference to patients having severe degrees of 
brain damage, the indiscriminate use of hypertonic solutions may produce 
unexpected and untoward results 

The proper management of head injuries requires the clinician to deter- 
mine whether or not there are present any of the following lesions significantly 
depressed fractures of the vault and epidural, subdural and intracerebral 
hematomata These alone may be benefited by surgical procedures Other 
pathologic processes than these call for the institution of supportive measures 
and, inasmuch as they frequently complicate the operable type of lesion, 
similar treatment will in a majority of cases be required to supplement the 
surgical therapy Differential diagnosis is often rendered difficult by virtue 
of the fact that generalized cerebral insults commonly coexist with the sur- 
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gically amenable conditions In such problems, cerebral aerograpby may help 
to clarify the diagnosis It has proven an almost indispensable agent in our 
hands and experience has shown that it may be cairied out Mith leasonable 
safety even in recently injuied patients 
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Discussion —Dr Ira Cohen (New York) said that Doctor Browder 
had shown by expeiimental evidence that which the modern trend of clinical 
experience has demonstrated, namely, that m the operative treatment of head 
injuries one must have a focal point of attack In other words, the surgeon 
operates for depressed or compound fiactures, for collections of blood above 
or below the duia, and, m laie instances, for a collection of blood in the 
cerebral substance The trend nowadays has been away from decompi essions 
foi generalized deci eased mtiacianial pressure Biadycardia is not a true 
index, as such, of increased intracranial piessure It is not always present 
when pressuie is high, and all surgeons have seen patients after a head 
trauma who have had bradycardia foi weeks without other evidence, either 
subjective or objective, of increased inti acranial pressuie On the other 
hand, almost all know fiom their wmik m brain abscesses and brain tumors 
that inci eased cranial pressure, particulaily m abscess cases, can and does 
show Itself by bradycardia Finally, measuring the piessure of the cere- 
brospinal fluid by spinal punctuie is not always a true index of the intra- 
cranial pressure Doctor Browder has had numerous occasions, as have all 
surgeons who operate upon hi am tumors oi deal with advanced papilledema, 
where, upon incising the dm a, the biain tends to herniate, yet, in the pre- 
operative stage of such a patient, the mti acranial spinal pressure was within 
normal limits Doctor Cohen said that he had not had an opportunity to 
carry out an studies in acute tiaumatic cases, but regarded them of great 
value in some instances Doctoi Browder, he said, had found them of value 
either by direct injection into the ventrical or by endolumbar injection Doctor 
Cohen felt that if he wei e to employ air, he would be inclined to inject it into 
the venti icle, as being the safer procedure Moreover, inspection through the 
bur hole might of itself be of diagnostic value Doctor Cohen said that he was 
a firm believer in, as a routine, at least a diagnostic punctuie when the 
patient enters the hospital, particulaily m mild cases of head truma, for, 
all too frequently, m what seems to be a very mild trauma one finds evidence 
of subarachnoid bleeding In spite of the fact that hypertonic solution some- 
times gives a reverse reaction and raises the level of the spinal fluid pressure, 
there are times when its use is indicated in selected cases, though not as a 
routine Theie should not be a routine in handling these cases at all because 
each is a law unto itself Yet a restless patient, lesistant to relatively large 
doses of sedatives, will often quiet down piomptly after a lumbar, or after 
the use of an intravenous hypertonic solution Doctor Browder’s investiga- 
tion is paiticularly impoitant in that it shows that there is an as yet unex- 
plained factor in head injuiies, unexplained from the very start What is 
back of the picture of concussion is not known, fiom theie on right straight 
through to the case of the patient who dies follownng a head injury and in 
whom microscopic examination reveals no cause Investigations such as 
Doctor Browder’s enable one to sepaiate the explained fiom the unexplained, 
with a view to some day understanding the unexplained factors 


Dr Jefferson Browder (closing) — In answer to Doctor Berry’s question 
regarding the use of morphine in the treatment of patients with craniocerebral 
injuries stated that theie had been a geneial impression that morphine sulphate 
was a dangerous drug to give a patient during the acute phase of a head injurjj 
Detailed observations concerning the alterations m cerebrospinal tluid pres- 
sure following subcutaneous injection of morphine (gr %) show a denmte 
rise in the spinal fluid pressure Similar studies carried out f ^er flie ^ 
ministration of luminal and avertin demonstrated a somewhat ^mparabl 
rise in cerebrospinal fluid pressure It seemed that any drug that naa 
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sedative eftect, i£ given in modeiatel)^ laige doses, would piobabl}^ laise the 
cerebiospinal fluid piessure 

Doctoi Biowder said that Doctor Goetsch justly laised the question of the 
usefulness of decoinpiession opeiations in the tieatment of brain tiauina 
Also whether patients with mild to model ate biam tiauma may not piesent 
signs and symptoms dependent upon an excessive pioduction of ceiebiospmal 
fluid as contrasted with the nioie seiiously injured ones who often showed 
no evidence of inci eased ceiebiospnial fluid piessuie Subtemporal decom- 
piession was considered most effective wheie theie was an accumulation of 
blood or ceiebiospmal fluid m the subduial space No doubt, theie weie in- 
stances of inci eased intiacianial tension secondary to tiauma that may be 
impioved by this operation, however, the studies of Doctoi Biowdei and his 
coworkeis during the past eight yeais indicated that “pressuie,” in some cases, 
may be considered a contiibuting factoi but certainly not the piimaiy issue 
Whether or not theie was an excess of ceiebiospmal fluid in the mild to 
model ate degiees of head tiauma could not be stated 
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THE TRANSFUSION TEST FOR DETERMINING THE NECESSITY OF OPERATION 

J William Hinton, M D 
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AND CARL a BURDICK, DIRECTORS 

The active stage of a massive hemorrhage from a peptic ulcer occasionally 
confronts one with the necessity of deciding whether to opeiate as a life-sav- 
ing measure This decision as to operative intervention is most difficult in 
any case, and unfoitunately the difficulty is enhanced by the varying concep- 
tions of hospitals legarding cases included under the category of massive 
heniorihage Obviously, also, the indications for both medical and surgical 
treatment aie inevitably variable It is, therefore, worth remembering that 
the following conclusions are drawn from cases in a laige municipal hospital 
with an active ambulance service They would not necessanly have equal 
validity elsewhere 

The surgeon, during the past decade, has become ultraconservative in 
ti eating patients with massive hemorrhage fiom a peptic ulcer As a result 
the gastro-entei ologist has assumed greater responsibility in handling these 
cases — and bis teaching is that a fatality from hemorrhage occurs, seldom, if 
ever The suigeon with an active hospital service, however, who must handle 
some of the more despeiate cases of massive hemonhage, is aware that a 
certain peicentage of these will prove fatal under any method of conservative 
management In our experience, appioximately lo per cent of the patients 
with massive hemoirhage have died m spite of the conservative treatment A 
consideration of this group, in which conservative measures fail, is the chief 
object of this paper 

The proportion of peptic ulcers m which massive hemorrhage results must 
be analyzed from the standpoint of patients who have been hospitalized and 
those under an ambulatory legimen Thus, on the Fourth Medical and Surgi- 
cal Divisions at Bellevue Hospital, with a 200 bed capacity, 90 patients with 
peptic ulcer were admitted yearly, of whom 12, 01 13 per cent, were admitted 
for massive hemorrhage On the other hand, a review of 570 cases of un- 
operated ulcers m our clinic, all under proper medical supervision, shows 
that only 3 3 pei cent suffered fi om massive hemorrhage The condition is 
evidently several times moie frequently observed m the more seriously ill 
hospitalized patients 

During a lo-yeai peiiod, from 1928 to 1937 inclusive, there Mere 135 
cases of massive hemorrhage, with a mortality of 12, under conservative 
medical management It is inte resting to note that of this group s ix^ 

Submitted for publication October 10, 1938 
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without blood tiansfusions and six after one oi nioie transfusions It would 
seem, therefore, that a definite percentage of massive hemoirhages will prove 
fatal undei either type of conservative management, i e , regai dless of ti ans- 
fusions 

Anothei important factor, peihaps the most impoitant factoi, in the 
causation of massive hemorrhage is the location of the ulcei It is the postei loi 
duodenal ulcer that is most likely to piove fatal In our 12 fatal cases of 
massive hemorrhage, we encounteied gastric lesions of the lessei curvatuie 
in the pars media m only two instances, while the remaining ten were all 
cases of posterior duodenal ulcei with erosion through the wall of the duo- 
denum into the head of the pancreas with involvement of a bianch of the 
superior panel eaticoduodenal arteiy The diagnosis of this lesion has be- 
come impoitant, chiefly because the gastro-enterologists, with the aid of the 
flexible gastioscope, aie attiibuting a high peicentage of massive hemorrhages 
to gastritis or supeificial gastric erosions (Benedict,- m 1937, emphasized 
this point ) Since the posterior duodenal ulcer fiequently bleeds without 
having shown any previous gastric symptoms (18 pei cent of oui 135 patients 
had a negative gastiic histoiy), one must, therefoie, be suie to lule out a 
posterior duodenal ulcer befoie one attributes the cause of gastric liemoiihage 
to gastiitis Moie than one negative gastro-intestmal 1 oentgenologic senes 
should be obtained, the gastioscope is of no aid in making a diagnosis of 
posterior duodenal ulcer 

Patients who continue to bleed undei medical management become the 
province of the surgeon In these cases — the 10 pei cent of massive hemoi- 
ihages which do not respond to medical care — opeiation dunng the acute 
stage may be a life-saving measuie The chief point of concern, naturally, 
is the selection of the patients who ui gently lequiie such operation 

In this lespect blood tiansfusions may piove a helpful method of diffeien- 
tiation Discussion still continues as to the advisability of tiansfusions dur- 
ing the acute hemoiihagic stage, but there seems to be no logical leason foi 
delaying a transfusion, now that the “blood banks” and the general use of 
the citrate method have simplified the piocess When the blood pressure has 
fallen to 80/60, the led cell count to 2,000,000 01 less, and the hemoglobin to 
35 per cent or thereabouts, it is obvious that the patient needs suppoitive 
measuies A tiansfusion is the best way of overcoming the shock and the 
reduced blood volume In addition, the tiansfusion may be our lead as to 
whethei to opeiate 01 to continue conseivative measuies 

If, after 500 cc of blood have been given, the led cell count, the hemo- 
globin, and the blood piessiue lemam low, one may assume that a laige 
vessel has been eioded If the piocedure is lepeated and there is still no 
impiovement, it is fanly conclusive evidence that fuither delay may prove 
fatal A continuous tiansfusion of 1,000 cc of citraled blood should then be 
slaited and the patient opeiated upon as soon as possible Further delay at 
this time would piobably result in a fatality 
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The type of patient m whom transfusions are futile, and who requires oper- 
ative intervention to avoid fatality, is illustiated in the following report 

Case Report —A male, age 27, was admitted to the medical wards in March, 1937 
for severe pain due to chronic duodenal ulcer He had suffered from the ulcer for four 
years and had required hospitalization for three weeks in November, 1936 At the time 
of his readmission, his pain was severe and could not be controlled by a Sippy regimen 
Two weeks of hospital treatment produced no improvement and the patient was, therefore, 
transferred to the surgical service 

While awaiting operation, he had a severe hemorrhage Transfusion of 500 cc of 
blood by the citrate method was carried out immediately, and when, six hours later, his 
condition had not improved, a second transfusion was given The following morning 
(10 hours after the second transfusion) his pulse was 130, blood pressure 65/55, red 
blood count 1,800,000, and hemoglobin 30 per cent The patient was evidently in severe 
shock and had apparently lost ground during the 24 hours since the hemorrhage had 
begun — in spite of the two transfusions 

An immediate operation was advised, and 1,000 cc of blood were given in preparation 
At operation a large posterior duodenal ulcer was found The entire gastro-mtestinal 
tract was filled with blood A mass 20 cm in circumference, surrounded by marked edema 
and involving the head of the pancreas and the hepatic flexure of the colon, was encoun- 
tered A subtotal resection was performed A perforated ulcer, 3 cm in diameter, was 
found on the posterior duodenal wall, and a bleeder was observed from one of the branches 
of the superior pancreaticoduodenal artery The hepatic flexure was adherent to the 
mass and an area, i\os cm wide, had been eroded halfway through the wall of the 
intestine Fortunately, the colon could be freed from the edematous pancreas, and the 
duodenal stump was closed with relative ease The operation was completed by an anti- 
colic Polya anastomosis 

Immediately following the operation the patient was given 500 cc of blood He had 
an uneventful convalescence and was discharged on the sixteenth postoperative day 


Comment — We feel that without suigery this patient would have died 
as a result of the hemonhage, as active aiterial bleeding was still evident at 
the time of operation The two preoperative transfusions and their fruitless- 
ness showed the necessity of immediate intervention and gave us the clue 
which saved the patient’s life 

OpeiaHve Pi ocedw es — The type of operation to be performed depends 
on the location of the lesion In the case of a gastric ulcer, simple excision 
may be sufficient Unfortunately, however, most of these hemorrhages are 
due to ulcers of the mucosa on the posterior wall of the duodenum, and ex- 
cision of a duodenal ulcei that involves the pancreas is seldom feasible 
We® have also found that 15 5 per cent of our patients having had a sub- 
total gastrectomy for chronic duodenal ulcer had two ulcers, one anterioi 
and one posterior In such cases, the unfortunate mistake may be made of 
excising the anterior ulcer and leaving the posterior one, which is the rea 

offender We have encounteied patients in whom this had occurred 

A gastrojejunostomy is of little aid in stopping or preventing the bleeding 
from a posterior ulcer In a leview of 106 cases of gastrojejunostomy, f 0 - 
lowed for seven years, we^ found that 15, or 14 per cent, had been operated 

upon for massive hemoriliage, and that m 47 “f 

rhage had lecurred later Of the pt cases operated upon for pam without 

378 



Volume 110 
Number 3 


MASSIVE GASTRIC HEMORRHAGE 


hemoirhage, 165 pei cent had massive hemonhage following the gastio- 
jej unostomy 

The transduodenal operation with sutuimg 01 cautenzation of the ulcer 
appeals to be a lather unsuigical pioceduie, useful only in lare instances 
W e are dealing with a bleedei lying m a mass of inflammatory tissue and in- 
volving the head of the panel eas Tiying to sutuie and cauterize this aiea 
may be more dangeious than beneficial, foi unless one single isolated vessel 
IS encounteied, the supeiioi pancreaticoduodenal aiteiy may be eioded by the 
cautei ization 

Some surgeons feel that ligation of the gastroduodenal and the right gas- 
tio-epiploic arteiy may suffice to control the hemorrhage from an ulcei, but 
study of the blood supply to the first portion of the duodenum makes this 
seem a procedure of doubtful value The supraduodenal aiteiy, fiist de- 
sciibed by Wilkie,^ in 1911, and confiimed by Reeves,"* in 1920, with its an- 
terior and postenoi branches, supplies the first one and one-half inches of 
the duodenum It is essential to note the fact that this ai tery may ai ise fi oni 
either the hepatic, the gastroduodenal, or the light or the left hepatic aiteiy 
This variable origin makes its localization difficult, if not impossible, in laige 
ulcers with severe inflammatory reactions around the gastrohepatic and duo- 
denohepatic omentum 

The most satisfactory method of attacking the bleeder appears to be by 
subtotal lesection In this one way, it is definitely possible to save a certain 
peicentage of these otherwise doomed patients The operation should be 
undertaken in all cases of massive hemorrhage where conservative measures 
are likely to fail As indicated above, blood transfusions help to determine 
which these cases are Lack of response to transfusion indicates the need for 
operative intervention 


COMMENT 

Two blood transfusions of 500 cc each are given as a means of determin- 
ing whether there is an ai terial hemorrhage If impi ovement does not occur, 
the patient should be opeiated upon m the stage of acute hemoirhage, while 
a continous citrate transfusion is maintained It is surprising how well the 
appaiently hopeless case will withstand such a major surgical procedure as 
a subtotal resection 
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THE VALUE OE CECOSTOMY AS A COMPLEMENTARY 
AND DECOMPRESSIVE OPERATION* 

Fred W Rankin, MD 
Lexington, Kr. 

Decompression of an obstructed colon by puncture or incision is one of 
the oldest operations in surgery Littre, in i/io, first proposed colostomy for 
relief of obstiuction due to malformation of the rectum This bold suggestion, 
made about a centui}'’ and a half before asepsis and anesthesia, lay fallow for 
66 years until Pilloie, of Rouen, m 1886, peifoimed a light inguinal cecostomy 
for lelief of obstruction of the rectum due to a tumor 

In the development of suigeiy of the large bowel, the drainage operations 
have gone through successful evolutionar}'- changes to the present-day type of 
colostomy and cecostomy, but the merits of the latter, both as a means ot 
diiect decompiession and as a complement to extirpative surgical maneuvers 
aimed at malignant lesions of the lower gasti o-mtestinal tract, have received 
scant emphasis One of the most important factois m the development of 
colonic surgeiy has been acceptance of the thesis that decompression either by 
suigical piocedures 01 medical means is a highly important aid in returning a 
devitalized and desiccated patient, suffeiing from malignant disease, to a 
status approaching physiologic equilibrium 

When suigery is indicated, decompression may be easily accomplished in 
many cases by the employment of cecostomy Moi cover, this piocedure is 
fiequently desirable both as the first stage of a giaded operation, and as a 
complement to an offensive foi extiipation of cancer The indications for 
cecostomy may be briefly summarized as follows 


(1) A complementary measuie following 

(a) Obstructive resection, 

(b) Resection and anastomosis of the intestine, end-to-end, or lateral, 

(c) Exteriorization of a segment of the colon 

(2) Decompression for intestinal obstruction 

(a) In acute obstiuction secondary to cancel of the left colon or 
rectum , 

(b) In subacute or chionic obstiuction secondary to cancer of the 
colon or rectum unrelieved by medical measures 

(3) A planned first-stage of a graded operation 

Complementai y to Resection — ^Resection of the colon is usually accom- 
plished by one of three types of operation, the choice depending upon the local 
conditions and the inclinations of the surgeon They are (i) Resection and 
anastomosis, (2) obstiuct ive lesection, and (3) exteriorization VD tl^ 
* Read before the American Surgical Association, Hot Springs, Va , iMaj n, 12, 

13, 1939 
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first two types of resection, cecostomy may be employed loutmely to advan- 
tage Not mfiequently exteriorization likewise is made safei and moie simple 
by use of simultaneous collateral decompi ession My own choice of opeia- 
tion for many years has been obstructive lesection, and within the past five 
yeais the addition of complementary decompi ession has proved efficacious 

Obstiuctive lesection was evolved because of dissatisfaction with some 
featuies of the exterioiization operation In the mam, these factors aie 
First, limitation of application, and second, ti ansplantation of cancel cells into 
the cut surfaces of the abdominal wound (12 pei cent of 183 cases reported 
in 1926) Obstructive resection utilizes the advantages of the exteiioiization 
procedure, yet avoids this lattei complication Its usefulness was demon- 
strated in a series of 31 cases published in 1930 The ciiticism that it pio- 
duced a complete intestinal obstiuction foi 48 to 60 houis, notwithstanding 
the fact that the obstruction was in the lower gasti o-mtestmal tract, was met 
by introducing routine complementary cecostomy Witb this addition, it has 
become increasingly apparent that the convalescence is much moie smooth, 
there is less distention, less elevation of tempeiatuie, and m geneial the post- 
operative course is benefited The clamp may be allowed to lemain on the 
ends of the bowel, at the point of lesection, until it diops off, thus insuring 
against leakage and infection The cecostomy tube is allowed to dram until 
the resection clamp di ops off and then may eithei be pulled out 01 cut off and 
allowed to pass per rectum 

When resection and immediate anastomosis is accomplished, a piimaiy 
consideration is lelief of factois which influence would healing unfavoiably 
Healing m a deliberate surgical wound of the colon is complicated by First, 
infection , second, paucity of blood supply at the site of anastomosis , and thud, 
tension on the suture line The noimal infection present in the bowel content 
IS greatly reduced by preoperative piepaiation, but often not entirely relieved 
in the pencolonic tissues wheie it migrates, due to increased peimeability of 
the bowel wall, secondaiy to ulceiation and obstruction 

The blood supply of the colon is consistent but scanty The looping ar- 
cades which spread out fan-wise in the mesenteiy of the bowel are lelatively 
constant in number as they ascend from the parent mesenteric vessels 
Blanches fiom these marginal vessels ascend as teiminal aiteries, tributaries 
which pass around the colon m a circulai manner lying paiallel to each othei 
and peipendicular to the mesenteiy This distiibution leaves a small area on 
the antimesentei 1C bolder where the blood supply is feeblest and where dis- 
tention from intraluminal piessuie encioaches on the capillary bed to com- 
promise the vasculai tree and favoi necrosis and rupture 

Primary wound healing, influenced enoimously by the elimination of edema 
and infection through pieopeiative means and technical steps at resection, is 
furthei enhanced by elimination of the factor of distention Surgical physiol- 
ogists aie unanimously agreed that during the first four to six days of vound 
healing, when the apposed surfaces are held together by mechanical means and 
buttressed by lapidly forming peritoneal exudate, cohesion is fragile and un- 
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certain Dui mg the next six to nine days fibroblast proliferation and organi- 
zation increase the tensile stiength of the anastomosis, but until the cicatrix is 
matin e, union is vulneiable to inci eased mtracolonic pressure Obviously 
distention of the colon -which vitiates the blood supply oi mechanically forces 
apait the cut wound inaigms facilitates leakage, and to prevent this, prophy- 
lactic decompi ession at time of lesection is most useful This seems to be 
moie easily accomplished by cecostomy than other means Appendicostomy 
IS mfinitel)'- less useful because the appendix may be eithei absent from opera- 
tion, ati opine, oi letiocecal, and even when it is available, has a small lumen, 
inadequate foi satisfactoiy diainage oi ii ligations 

Table I illustiates the conditions foi which complemeiitaiy cecostomy was 
peifoimed m my own piactice dining the past five years, together with the 
moitahty, which m this series was ii i per cent 


Table I 

rORTY-TWO CASES OE COMPLEMENTARY CECOSTOMY 




No of 

No of 



Cases 

Deaths 


f Cancer splenic flexure 

I 


Obstructive 

resection 

Cancer descending colon 
Cancer transverse colon 
Cancer sigmoid 

2 

r 

30 

I 

3 


^ Diverticulitis 

4 




38 


Extenonzation — Cancer colon 

3 

I 

Presacral neurectomy — Megacolon 

I 


Totals 


42 

5 


Decompi esswii foi Acute oi Subacute Obsti uction — ^Acute obstruction 
occuis 111 a high peicentage of cases of cancel of the lectosigmoid and left 
colon and usually piesents itself without premomtoiy symptoms All laige 
clinics m 111 ban centers are famihai with this type of acute intestinal obstruc- 
tion and lepoit its incidence m vaiying peicentages Buigess,^ of Manchestei, 
leviewmg a senes of 485 cases of cancel of the colon, found 35 6 cent of 
this gioup caused acute intestinal obstruction Meyer,- of Chicago, found 
that ovei a thiee-yeai peiiod ending m 1937, 291 cases of cancer of the colon 
and lectosigmoid weie admitted to the Cook County Hospital, and 75 ) 

25 7 pel cent, were acutely obstructed upon admission 

For lelief of such obsti uction, blind cecostomy, usually performed under 
local anesthesia through a split muscle incision m the right giom, is the pro- 
cedure of choice In this connection, it may not be amiss to emphasize the 
advantages of perfoimmg a diamage opeiation without exploration of the 
abdomen Theie is little doubt that exploration and manipulation of acutely 
obstructed intestines multiply mortality lates Relief of the lethal obsti uction 
may be followed dining the convalesence by loentgenologic examinations to 
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localize and identify the lesion, and suigical attack may be instituted at a 
latei stage with a lowei moitality 

Cecostomy for immediate decompression is best perfoimed by a diffeient 
technic than when it is utilized as a complement to dehbeiate lesection Foi 
acute obstruction, it is desirable to bung the cecum oi the ascending colon 
completely out of the abdominal cavity, thus by-passmg the entne fecal cur- 



Tig I — Shows m obstructi\e resection completed The cecum is drawn 
out through the wound for the establishment of a complementary cecostomv 
Purse stung sutures are m place and the bowel is being punctured with the 
cautery When the bowel is thoroughly decompressed there is no necessity 
for a rubber clamp The inset shows the completed operation with the 
cecostomy tube drawn through a stab wound in the right groin 

lent Subsequently, the opening is used to iriigate the bowel through and 
thus 1 educe the peiicolonic infection prior to lesection This procedure, 
simple as it seems and fiequently is, ^^hen the cecum has a long mesentery and 
IS not enoimously distended, is actually, more often than not, a hazardous 
and difficult undei taking, and occasionally it becomes an impossible manein er 
without partial decompiession by punctuie 

On opening the abdomen, in a case of acute obstruction of the colon, one 
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frequently finds a huge cecum, half filled wfih hqvud feces and distended with 

Li- IP T, ''i f does 

t lend Itself readdy to manipulation without danger of rupture and peritoneal 

contamination Efforts to suture this type of bowel to the peritoneum often 

lesul in decompiession, for sooner oi later the needle point will enter the 

bowel lumen and a wdnstle of gas announces the accident It is better to seal 



Fig 2 — Shows the cecum completely exteriorized with a glass tube undei 
It This IS desirable in acute intestinal obstruction, but if decompression is 
necessary before, the cecum may be drawn out and punctured with a needle 
After the gas has been drawn off, a Pezzer catheter is inserted as shoun in 
the inset Complete by passing of the fecal current is thus established 

off the anterior bowel wall with packs as well as possible, and deliberately 
puncture the cecum with a small hypodermic needle, allowing the gas to 
escape When the bowel has partially collapsed, the mucous membrane be- 
comes flooded with blood, the entire bowel wall thickens and one may handle it 
then without fear of rupture A choice may now be made between First, 
suturing a tube into the bowel , second, suturing the bowel to the peritoneum 
as Stone advises , or third, bringing the bowel out, closing the puncture wound 
and making a loop cecostomy 

Complete decompression of the colon under acute obstructive conditions is 
inadvisable and is occasionally followed by collapse just as m complete relief 
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of unnaiy obstruction If it is impossible to peifoim a loop cecostomy foi 
acute colonic obstruction and a tube is inseited into the bowel oi the bowel is 
sutured to the peiitoneum, a large tube should be used because iirigation with 
a small cathetei is incompetent There is small question that therapeutic lest, 
complete by-passing of the fecal cuirent, and subsequent lelief of the local 
and geneial effects of obstruction aie best obtained by bunging out a loop of 
the right colon 

Recently in my seivice, cecostomy foi the relief of acute intestinal obstiuc- 
tion has been performed i 6 times In eight of the cases, subsequent lesection 
was impossible, and m the remaining eight, obstructive resection completed 
the piocedure The mortality in this group was high (i 8 7 per cent) because 
of the fact that half of the patients were so depleted when first seen that noth- 
ing more than decompi ession was possible 

Table II 


SIXTEEN CASES OE CECOSTOMY TOR ACUTE INTESTINAL OBSTRUCTION 


Followed by 

obstructive 

resection 


Cancer transverse colon 
Cancer sigmoid 

Postoperative adhesions, large and small bowel 
X-ray stricture descending colon 


No of No of 

Cases Deaths 

3 

3 

I 

I 


Inoperable 


Cancer sigmoid 
Cancer rectum 
• Cancer rectosigmoid 
Cancer left colon 
^ Cause unknown 


8 

2 I 

2 I 

I 

1 

2 I 


8 3 

Decomp') ession of Ohstinchon Due to Rectal Cancel — The vast majoiit} 
of rectosigmoidal cancers produce obstuiction of some type Preoperative 
medical management usually leheves this condition but occasionally at ex- 
ploiation one finds a thickened, hyperti ophied bowel proximal to the giowth, 
multiple telangiectases, engoiged lymphatics, edema in the tissues of the 
mesenteiy, and othei signs which definitely indicate a graded proceduie 
Under such circumstances, a cecostomy performed through a split muscle in- 
cision in the right gioin makes an admiiable fiist-stage of a graded maneu- 
ver Whipple,"^ in 1931 > reported a number of cases cairied out by this 
method, as a deliberate fiist-stage of giaded opeiations foi the giaver risks I 
have employed it in a numbei of instances wheie decompi ession had not been 
adequately accomplished prioi to exploiation and completed the operation at 
a subsequent stage by the penneo-abdominal 1 adical maneu\ er Undei either 
condition, it may be used v ith satisfaction 

Disadvantages of Cecostomy — The mam objection to the use of cecostom) 
IS that an additional operative procedure is lequired for closure Such an 
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opeialion may usually be earned out undei local anesthesia and with slight dis- 
comfoit to the patient or much additional loss of time in the hospital Comple- 
mentary cecostomy, if performed with technical accuiacy, requires no secondary 
pioceduie The tube is cut off and allowed to pass per lectum, oi pulled out 
and the Witzelized cecum closes spontaneously and without piolonged drain- 
age It seems fan to affiim that the many advantages accruing from adequate 
diainage and iriigation outweigh whatevei objections, economic or otherwise, 
may be offeied 


CONCLUSIONS 

(1) Cecostomy is a valuable adjunct to any type of resection of the colon 
It prevents distention, model ates peiistalsis, and piomotes a smooth conva- 
lescence 

(2) Its usefulness as the fiist-stage of a giaded operation for radical re- 
moval of rectal cancel has been demonstiated 

(3) Blind cecostomy for acute intestinal obstruction localized to the large 
bowel IS a useful and often a life-saving opeiation 

(4) It is desiiable to use different technics to peiform cecostomy for its 
several indications Complete by-passing of the fecal current by bringing out 
a loop of the cecum 01 right colon is superior as a means of decompression 
and irrigation piior to resection Foi complementary cecostomy, however, 
where relief of distention by gas is the pai amount factor, a wing-catheter in- 
troduced into the cecum by WitzeFs technic is very satisfactory 
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Discussion — Dr Harvey B Stone (Baltimore) I think that Doctor 
Rankin has given a very comprehensive and fan statement of the views that 
most of us hold in regard to the value and utility of decompressive procedures 
and specifically of cecostomy I think it is scarcely necessary m discussion to 
emphasize the points of agreement with the speaker, and I feel sure that most 
of us agree with him very largely m everything he has had to say 

There are two or three points in which it seems to me one might raise 
certain questions as to the universal application of what Doctor Rankin has 
had to say In the first place, while everyone, I am sure, will agree as to the 
necessity of some decompressive procedure in cases admitted in the ot 

acute complete obstruction, I should like to call to your attention a ditticulty 
that i once encountered in employing cecostomy The case was a growth in 
the low descending colon The patient recovered following cecostomy, which 
was of necessity performed ivithout delivery of the cecum and ^as, thereto . 
not a completely by-pass cecostomy, because at the time of operation the cecui 
was n^the cendmL, so graphically desenbed by Doctor Rank.n, ,n tvh.ch any 
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attempt at complete deliveiy of the cecum would have resulted m disastei It 
had to be a tangential cecostom)'' Some 17 oi 18 days latei, an attack upon 
the pi imary growth revealed the fact that the colon between the cecostomy and 
the growth was full of feces, which lendeied an attempt at radical removal of 
the tumor extiemely difficult and almost impossible of decent handling 

The point that seems to me concerned in that particulai case is that if 
the stoma had been placed closei to the point of obstruction — if, instead of a 
cecostomy, a tiansveise colostomy had been employed — the pin poses 111 view 
would have been much moie adequately obtained That is, not only the 
pi unary puipose of decompi ession, but the secondaiy pin pose of having a 
leasonably clean and empty bowel to deal with at the time of the definitive 
opei ation 

Anothei gioup of cases in which it seems to me simultaneous cecostomy, 
that is, cecostomy simultaneous with the resective piocedure, may not neces- 
saiily be requned, but m which the same puipose may be accomplished, aie 
those cases of 1 esection low 111 the sigmoid in which a tube may be passed up 
thiough the anus and rectum, thiough the anastomosis, and seive as a decom- 
pi essive outlet, which, to my mind at least, seems quite as adequate as a 
cecostomy and has obvious advantages of its own 

Finally, it seems to me that in those cases to which Doctor Rankin has 
refeired, which are neithei completely obstiucted on admission noi quite 
adequately relieved of then paitial obstiuction by piehminary pieparation, I 
fully agiee with him that m such cases a stage operation utilizing a cecostomy, 
01 tiansveise colostomy, as I should piefei in that group of cases, is ceitamly 
a wise piocedure 

Dr Arthur W Allen (Boston) We have had such a satisfactoiy ex- 
perience with cecostomy at the Massachusetts Geneial Hospital that it seems 
woith while to mention it at this time We aie in complete accoid with the 
piinciples set foith m Doctor Rankin’s splendid piesentation 

In the development of cecostomy in oui hospital, Di S J Mixtei modi- 
fied the Paul tube, a light angle glass tube with a flange which could be held 
within the bowel by a puise-stnng sutuie, and that method was used foi a 
considerable length of time with a good deal of success It had the disad- 
vantage, howevei, that the tube would come out of its own accord in too short 
a time Di D F Jones then began to use a large iiibbei tube for this pui- 
pose He fiequently spoke of it as a tube as laige as his finger 01 as laige as 
his thumb, based on the expeiience of Doctoi Gibson, of New Yoik, who first 
advocated the rubbed tube cecostomy for iilceiative colitis 

A modification of these two methods has been developed in our hospital, 
and I am going to show you a few lantern slides m a moment to demonstrate 
its application 

We have peifoimed a total of 171 cecostomies foi obstiuction of some de- 
giee 01 piehmmaiy to a second opei ation on the left bowel duiing the past 
12 years Some weie pei formed at the time of left bowel 1 esection, with 
sutuie as a complementaiy pioceduie One hundred tw’^eniy of these haie 
been peifoimed by employing this modification of the Gibson technic, which 
wnll be desciibed below , 21 b}'^ the Mixtei tube alone, 21 b} the Witzel tech- 
nic, and nine by vaiious other methods, such as exterioiization Tlierc haie 
been ig deaths among these 171 patients Eleien of these w^eie due to car- 
cinomatosis 01 pel foi ation of the cancel prioi to operation Six deaths were 
undoubtedly due to eriois m the technic of the procedure, and one to ])ulmo- 
nar}’^ embolus due to coronaiy occlusion Of the 152 survivors onfi 12 needed 
dosuie of then cecostomies That is one importat feature of this method of 
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treatment Theie have been a certain numbei of postoperative herniae be- 
cause this tube stays in place anywhere fioni two to three weeks through a 
McBurney incision 

Opej'ative Techmc — The cecum is brought up, when possible, and deliv- 
ered through the wound If it is markedly distended, as it so frequently is in 
obstruction, of course one cannot bring it out through the abdominal wall 
When It IS distended, a suction trochar can be intioduced and the cecum de- 
compressed sufficiently to allow it to be grasped with Allis forceps, after 
which it may be delivered and a purse-strmg suture put in around the trochar 
opening 

After the cecum has been collapsed somewhat, a rubber covered intestinal 
clamp can be placed on it below the opening, to pi event further soiling while 
the tube is inserted The laige lubber tube which is fixed onto a right angle 
glass tube of approximately the same caliber — i cm or more in diameter — 
is then inserted through the original puise-strmg and held in place by two 
additional purse-stimg sutmes of No O chromic catgut, only the first one 
penetiates the rubber tube, to aid in the inversion of the cecal wall A tab 
of omentum, when available, is bi ought around the tube, and the cecum re- 
placed within the abdomen 

It IS surprising how well one can clean out an obstructed colon by this 
method By the introduction of dilute magnesium sulphate into this tube 
after 48 houis, at various inteivals, clamping the tube off for ten minutes or 
more until a peristaltic cramp takes place, one can fairly adequately clear out 
the proximal bowel Iirigations can frequently be carried out through the 
entire colon This method has been so adequate that proximal defunctioning 
procedures such as Devine has desciibed, have very rarely been necessary in 
our clinic 

The tube is bi ought out over above the iliac ciest in a very comfortable 
fashion The rubber tube within the bowel will stay in place for two or three 
weeks with little or no leakage aiound it The rigid right angle glass tube m 
the abdominal wall pi events the kinking of a rubber tube alone Infection 
m the abdominal wound invanbly takes place but has pioduced no serious 
or insurmountable sequelae 
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RETROPERITONEAL CHYLE CYSTS^ 

WITH ESPECIAL REFERENCE TO THE LYMPHANGIOMATA 

John C A Gerster, MD 
New York, N Y" 

The majority of retropeiitoneal chyle cysts are lare forms of cystic 
lymphangiomata Befoie directly considering the cysts themselves, a brief 
consideration of benign lymph vessel tumors may be of interest 

According to Most®® and many otheis, a lymphangioma is a tumor aris- 
ing fiom new growth of lymph vessels, as well as a widening of lymph vessels 
normally piesent It is chiefly chaiactenzed by growth of the smaller, and 
even of the capillary lymph vessels Besides, a true lymphangioma may 
arise from lymph nodes through new gi owth arising m mtraglandular sinuses 
and adjacent lymph vessels Ceitain lymphangiomata are obviously of con- 
genital origin Others make their first appearance m adult life Stasis alone 
does not, in itself, constitute an adequate causative factor — the plentiful col- 
laterals easily furnish a by-pass 

According to Ribbert,^"^ a lymphangioma is a new growth of lymph vessel 
walls and their adjacent connective tissue The neighboring normal lym- 
phatics have few or no connections with the lymphatic new growth The sur- 
rounding connective tissue is just as active m its growth, if, indeed, not more 
so, than the lymph vessels themselves 

The sites of predilection aie the skin and subcutaneous tissues, especially 
aiound the face, the neck, the inguinal region (including spermatic cord 
and liganientum lotundum) , the retroperitoneal legion, the mesentery, and 
even the intestine itself 

The three types mentioned below (Wegner®®) do not always appear 
deal -cut — ^tiansition forms are noted 

(1) Lymphangioma Simplex, according to Most, is a transition form 
between lymphangiectasis and a ti ue lymphatic tissue tumor It is a circum- 
sciibed swelling with an ill-defined margin, composed of dilated lymph ves- 
sels, with an actively growing, richly cellular, connective tissue stroma It is 
usually seen m infants and children, involving the skin and subcutaneous 
tissue of face oi neck It is compressible 

(2) Lymphangioma Cavei nosum (a sharp line between lymphangioma 
simplex, and lymphangioma cavei nosum cannot ah\ays be drawn) is a spongy 
tumoi, composed of dilated lymphatic vessels, with a lymphoid stroma m an 
actively gi owing condition Clinical examples are macromelia (lymphangioma 
of the cheek), maciocheiha (lymphangioma of the hp) , macroglossia 
(lymphangioma of the tongue) Other legions of involvement may be the 
eyelids, neck, gums, pharynx, inguinal regions, the mesentery of the intestine, 

* Read before the New York Surgical Societj, No\ ember 9, 193S Submitted for 
publication October 26, 1938 
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and the i etropeiitoneal legions The ovei lying skin or mucous membrane 
IS not usually involved The tumors are more obvious than lymphangioma 
simplex They are spongy and compressible 

(3) Lyniphangioma Cysticum While the two forms noted above may 
have some connections with the adjacent normal lymph vessels, the cystic 
form has practically none m the majority of cases The walls are composed 
of connective tissue with numerous endothelial-lined lymph spaces, which m 
some areas show cavernous development Besides connective tissue, smooth 
muscle fibeis are piesent, and more oi less lymphoid infiltration The cyst 
may have an endothelial lining, howevei, it may be paitly oi completely 
absent (see below) The contents may be a seious oi a chylous fluid Theie 
may be blood, consequent upon tiauma Cystic lymphangiomata are not 
compressible, are more or less encapsulated and, as just said, may have al- 
most no connection with neai-by lymphatics 

Sites In the neck they may be superficial oi deep , they also occur in 
the supia- oi infiaclaviculai regions, the axillae, the inguinal regions, and 
the mesenteiy, and reti opei itoneal regions, where they often contain chyle 
Lymph cysts and chyle cysts of the abdomen arise from lymphatics of 
the retropei Itoneal legion, or fiom the chyle-bearing lymphatics of the in- 
testine Thej'' may stait i eti opei itoneally, and push forward between the 
leaves of the mesentery, oi vice versa The mesenteiic foims are by far 
the more frequent The i etroperitoneal foi ms are much rarer Typical intra- 
abdominal and i eti operitoneal cavernous lymphagiomata have been observed 
Consequently, lymph and chyle cysts may aiise from these Transition forms 
occur 

A histoiy of trauma has been noted in a number of cases However, 
considering the frequency of tiauma and the great raiity of cysts, trauma as 
a cause seems unlikely although tiauma to a hitherto “silent” cyst may be 
a factoi 111 inaugurating renewed giowth The so-called blood cysts of older 
authors have proven to be either pieformed cysts (lymphatic, dermoid, entero- 
cystomata, etc ) filled with blood, oi encapsulated hematomata 

A cystic lymphangioma may have a cavernous angioma at some point in 
its peiiphery Pathologists (beginning with Wegner) have held That the 
cystic foim developed from the cavernous, that m examining a cystic tumor 
to obtain reliable evidence of its oiigin often this is difficult or even impos- 
sible , that pi esence of the cavernous areas in the cyst wall itself or near by 
111 adjacent tissues, points either to association of the two forms or to the 
cystic, originating from and overgrowing, and so partly obliterating, the 
cavernous portion Lastly (as said before), dilated lymphatic vessels lead- 
ing to, or away fiom, a cystic lymphangioma may be either part of (exten- 
sions of) the benign new giowth oi lymphangiectatic dilatations of pre- 
existing (normal) lymph vessels due to piessure from the cyst Even under 
the mici oscope this may be hard to determine 

In thicker-walled cysts thi ee distinct layers have been described by various 
authois An endothelial lining may be present as a single layer of cells, or it 
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may be partly absent or may be entirely lost The absence of endothelial lining 
has been so fiequently observed that ceitain authors consideied this a chai- 
acteristic feature This absence has been ascribed, uith reason, to the ease 
with which a single layer of cells might be lubbed off m the course of 
operative removal oi m handling of the fiesh specimen On the othei hand, 
its absence has been noted m unopened cysts removed m toto and hardened 
as such, befoie cutting foi micioscopic examination, the endothelial and 
inner layers of the cyst wall had undeigone fatty and hyaline degeneiation 
In thinner- walled (youngei ?) cysts from the same specimen the endothelial 
lining was present intact (GodeP®) 

Chylous Contents — Chyle cysts lefill slowly aftei aspiiation Chyle c}sts, 
marsupiahzed, do not diam chyle — ^they usually heal in a few weeks with 
model ate discharge of serous exudate Excision of chyle cysts is not fol- 
lowed by escape of chyle fiom cyst bed All this seems good chmcal pi oof 
that chylous lymphangiomata have little or no connection with adjacent noi- 
mal chyle-beaimg lymphatics 

Whence the chylous fluid ^ Either it comes from a veiy slight connec- 
tion with 1101 mal chyle-beaimg lymphatics oi fiom chyle-like accumulation 
(tiansudation) fiom the cyst wall itself with its iich blood and lymphatic 
supply, 111 combination with a fatty and hyaline degeneration of the inner 
coats (Henschen-^) 

As a matter of inteiest, “chyle-contaiiiiiig” cystic lymphangiomata have 
been observed m the neck (Volkmanii®^), in the gioin, and m the extremities 
(Henschen and others) — sites distant fiom normal chyle-beaimg lymphatics 

Studies of fat content m the lymph collected fiom lymph fistulae of the 
lower extremities have shown variations almost identical with those observed 
111 chyle itself fiom o6 to 2 pei cent duiing hunger peiiods to as high as 
47 pei cent aftei a fatty meal (Henschen) 

Symptoms — Theie may be none The fiist lymph and chyle cysts to be 
leported weie chance finds at autopsy If symptoms aie piesent, a gradual 
onset IS the rule There aie loss of -weight, vague digestive distui bailees, 
increasing constipation m some cases, an increase in the size of the abdomen, 
and a feeling of tension The tumoi which is piesent is not movable (letro- 
peiitoneal) Usually it lies above the umbilicus, to the right or left of the 
midlme A consideration of age and sex (foui times as fiequent m females 
as in males) has little significance Statistics aie of little aid when consid- 
eiing an individual case 

Diagnosis — In very small tumoi s no diagnosis is possible In veiv large 
tumoi s, especially those almost filling the entire abdomen, these hmph and 
chyle cysts ha\e been mistaken foi ovaiian cysts This was particulaily so 
in the eail} cases (in the iSSo’s) When aspiiation through the intact ab- 
dominal wall revealed then contents as clnle, in some instances as much as 
3,000 01 4,000 cc at a time w'as lepcatedl} drawn off The medium-sized 
mcsciitciic c}sls, the size of a child’s head, or perhaps laiger, ha\c to be 
difteientialed fiom other foi ms of intra-abdommal cysts 
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With the 1 eti opei itoneal cysts, an exact diagnosis is impossible, but by 
modern roentgenographic visualizing methods, the various adjacent viscera 
may be demonstrated as normal, and their anatomic relationship to the intra- 
peritoneal or retiopei itoneal tumor may be determined Even after celiotomy 
and either removal or marsupialization, the exact diagnosis must wait upon 
the microscopic chai acter of the cyst wall * 

Pi 0 gnosis depends on the patient’s general condition at the time of opera- 
tion, and the mechanical ease or difficulty of removal or marsupialization 

Ti eatment — Excision is the method of choice, if mechanically feasible 
At celiotomy, a preliminary aspiration of part oi all of the contents often 
has facilitated subsequent removal of the cyst wall No leak of chyle fol- 
lowing excision is to be expected, although when m doubt, drainage with a 
soft rubber dam to the cyst’s bed may be considered safer 

Marsupialization is indicated wheie excision entails too great a risk 
Marsupialization has been pei formed both transpentoneally and through 
lumbar incisions, depending on the accessibility of the paiticular cyst Mar- 
supialization has not been followed by excessive chylous drainage in the ma- 
jority of cases Healing usually has occurred within two to four weeks 
Exceptionally, excision of cyst wall, secondary to marsupialization, has been 
necessary because of a persistent sinus 

The following case of a retroperitoneal chyle cyst is of interest because 
the cyst was actually visible roentgenologically 

Case Report — A C , female, age 34, single Six years ago, she had had an 
appendicectomy performed by the writer for acute suppurative appendicitis , an unevent- 
ful convalescence followed On February 14, 1938, the patient, referred by Dr M C L 
McGuinness, was admitted to the Lenox Hill Hospital, New York, with the following 
history 

She had been well since her appendicectomy until July, 1937, eight months before, 
when she “awoke one night with a feeling of chilliness, as if a wind had blown on 
her neck ’’ A few days later began to have a band-hke pain in the small of the back 
at the waistline This had no reference to eating, standing or walking The pain 
lasted ten days, then disappeared Two weeks ago the same pain, starting in the back 
and right lumbar region and radiating forward with band-hke sensation, reappeared 
The pain increased in area and then moved forward toward the anterior abdomen, also 
extended somewhat to the left During the past month there had been increased difficulty 
in function of the large bowel , there as constipation and even flatus could not be 
expelled , enemata were constantly required to effect a movement There was no loss 
in weight Appetite always good 

Tiaumatic Htsfoiy — A fall on the coccyx, at age 14, was followed by some pain 
and discomfort for a while One and one-half years ago, she fell, striking the left 

*As said at the beginning of this article, most retroperitoneal cysts are C3'Stic 
1> mphangiomata, less frequently they prove to be dermoids, hydronephroses (Koblanck 
and Pforte®*), cold abscesses, etc A consideration of all these other forms of retro- 
peritoneal cysts is too extensive a subject to be included within the scope of this article 
Handfield-Jones’” classification of retroperitoneal cysts is given m the appended bibli- 
ography Various classifications and theories of pathogenesis are to be found m nearly 
all of the other articles listed 
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SHADOW OF MASS SECOND J' J TRANSVERSE COUOH IS BEL6V THE MASS 

Fig I — Plain roentgenogram showing a Fig 2 — Roentgenogram showing the trans 

shadow of the tumor to the right of the first, sec verse colon Ijing below the tumor while another 
ond, and pait of the 3rd lumbar vertebrae exposure (Fig 3 ) shows it Ijing abo\e the tumor 
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Fig 3 — Roentgenogram showing the trans 
terse colon I>ing abotc the tumor, while another 
exposure (Fig 2) shows it below the tumor 
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Fig 4 — Roentgenogram showing httral 
compression of an apparentl) normal, dje filled 
gallbladder 
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epigastrium, left breast and axilla Pain m this region lasted for several months then 
disappeared ’ 

Physical Examination was negative except for a smooth nonmovable mass m right 
hypochondnum which gave impression of a tense, distended gallbladder It was suffi- 
ciently prominent to push the overlying abdominal wall slightly forward, as seen by 
reflected light in comparison with opposite (left) hypochondnum Upon pressure on 
this tumor, the pain in the back at this level was increased The mass did not moie 
with respiration, and was not, in itself, tender 

White blood count was normal, except for 6 per cent eosinophils on first count, i 
per cent eosinophils later, otherwise entirely negative Red blood count was normal 
Blood chemistry, normal Blood pressure was within normal limits Urinalysis was 
normal 

Roentgenologic Examination of chest was normal A plain roentgenogram of the 
abdomen (Fig i) showed the shadow of a soft tissue mass, approximately lo cm 

in diameter, lying to the right 
of the spinal column opposite 
bodies of the first, second, and 
upper part of the third lumbar 
vertebrae The bony spine was 
normal The kidnev shadows 
were normal in size, shape and 
position, and were well visual- 
ized 

Barium enema showed nor- 
mal colonic outline In some 
views the transverse colon was 
below the mass (Fig 2), in 
others above it (Fig 3) 

The dye-filled gallbladder, 
at the fortieth hour, was visual- 
ized, and appeared indented and 
displaced to the right by the 
soft tissue mass (Fig 4) The 
concentration and emptying of 
the gallbladder were demonstrated to have been normal as seen roentgenologicallv 
Intravenous urography showed normal excretion of dye from both kidneys with 
good visualization of calices, pelves, and upper ureters on both sides The right kidney 
pelvis of normal outline lies directly behind the tumor mass (Fig 5) 

A gastro-intestinal senes showed the stomach to be J-shaped and displaced some- 
what to the left The stomach and first portion of duodenum were normal in outline 
The second portion of the duodenum, both under fluoroscopy and m the films, showed 
evidence of marked compression by the mass The duodenum was displaced anteriorly 
and to the left (Fig 6) This did not cause actual obstruction — the stomach was empty 
at three hours Oblique views showed the descending portion of the duodenum pushed 
forward by tumor (Fig 7) 

Roentgenologic Infeienccs — The findings indicated a retroperitoneal mass in the 
right upper quadrant lying alongside and partly overlying the first, second, and part 
of the third lumbar vertebrae “It (the mass) does not have the characteristic appear- 
ance of an expanding lesion in the head of the pancreas, which generally displaces the 
descending portion of duodenum to the right ” 

Among other preoperative diagnoses the following were considered Neurogenic 
sarcoma, tumor of right adrenal, and retroperitoneal dermoid Normal bony spine out- 
lines seemed to exclude a cold abscess of spinal origin 

Opciation — February 23, 1938 The abdomen was opened through a fi\e-inch, longi- 
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Fig s — Roentgenogram following intravenous urogra 
phy showing normal bilateral excretion and good visu 
alization of the calices pehes and upper ureters on both 
sides The mass is to be seen overljing the right kidney 
pehis 
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tudmal, right paramedian, epigastric incision To obtain more room, a transverse incision 
three and one-half inches long was added, beginning at the lower end of the longitudinal 
incision, and going to the right (Fig 8 A) 

Opeiaiive Pathology — The tumor was immediately apparent, lying behind the 
hepatic fle\.ure of the colon at the beginning of the transverse colon On displacing 
the colon downward, the flattened-out second portion of the duodenum was seen lying 
over the tumor (Fig 8 B) Both it and the posterior parietal peritoneum w'cre freelj 
movable upon the underlying tumor This peritoneum w'as dnided longitudinallj along 
the outer side of colon and duodenum (Fig 8 B), wdncli w'ere then retracted mesiallj 
The tumor w'as the size of an adult fist, and w’as now' free except for its posterior at- 
tachment It was attached to the anteiior aspects of the bodies of first and second 
lumbar vertebrae between the aorta and the inferior vena cava The aorta was entirch 
free, but the inferior vena cava was intimately adherent to the right side of the tumor 



Fig 6 — Roentgenogrnm showing compression of tbc Fig 7 — Rocntgcnogrun, nkcn ohliqiieU 

descending duodenum bj the tumor showing pressure posteriorlj upon the duodenum 

b\ the tumor 


for a distance of three inches (Fig 8 C and D) Tiie tumor w'as dark rcddish-blue 
in color and seemed solid Attempted dissection of tumor from Aciia cava proved 
impractical and too hazardous Upon aspiration, using a large caliber needle, a thick 
milky fluid was immediately obtained After removal of about 20 or 30 cc , the needle 
became clogged 

The tumor was incised longitudinally As the outer wall was being divided, an 
inner lavei began to protrude A plane of cleavage was readilv found The evst was 
now more widely opened, its remaining fluid contents removed with an aspirator, and 
a few white clots were sponged out The inner lining was completelv enucleated, ex- 
posing the tendinous origins of psoas attachments to first and second lumbar vertebrae 
The redundant outer evst wall was then trimmed awav except that portion attached to 
the inferior vena cava Two soft-rubber Penrose drains were inserted in the bed of 
the evst and brought out through a stab wound lateral to the right rectus margin 
Duodenum and colon were replaced in their normal positions Closure of entire wound 
in lajers Drv dressing 

Posfopciatizc Com sc — Uneventful convalescence No drainage of chvle came from 
the wound at am time Drainage tubing gradualh shortened Priinarv union Dis- 
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charged March 28, 1938, 33 days after operation Postoperative roentgenologic ex- 
amination of duodenum showed a normal outline (Fig 9) 

Subsequent Coiuse During the next four months she was subject to attacks of 
upper abdominal pain, having no relation to meals At times there would be a premoni- 
tory feeling one-half hour before the actual attack At other times there would be a 
sudden severe pain in the upper abdomen lasting for two or three minutes, of such 
severity that physical movement was impossible Atropine sulphate gr 1/150 was given 





Fig 8 — (A) Abdominal wall incision (B) Tiimor presenting in wound with flattened 
descending duodenum overlying it The dotted line indicates incision postparietal peritoneum 
(C) Cyst drawn to the left, showing its dense adhesion to inferior vena cava (D) Cyst 
draivn to the right showing attachment to anterior vertebral column Aorta lies to the left, 
not adherent 


by mouth and the dose had to be repeated 20 minutes Jater The pain would gradually 
subside m about two hours, but the abdomen would be sore and sensitive to touch for 
the next 24 hours According to the patient, “It would usually take five to seven days 
for the intestines to become normal again ” 

At first the attacks came every week or ten days but gradually the intervals be- 
tween lengthened The last attack was at the end of July, 1938 There have been 
none since then — three months During the four months just described, there was 
constant belching, but none since Appetite has always been good 

Examination of the fluid aspirated from the cyst showed by direct smear no or- 
ganisms, no pus cells “Amorphous material with many fat-like globules giving partial 
fat reaction, with Sudan 3 — a milkj^ fluid” Culture sterile Chemtcal BvammaUon 
Calcium content of the fluid showed 34 mg per 100 Gm (The calcium content of 
human milk averages 33 mg per 100 Gm ) This calcium content possibly accounted 
for visibility of cyst roentgenologically 
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Paflioloqic E xaituiiatwii — Dr Rudolf M Paltauf Gioss “The specimen received 
consists of a roughened, pink, ovoid sac which has been cut into and contains cheesy, 
friable, necrotic white material It is 7x5 cm with a wall i Mm thick The external 
coat IS dull, loughened and pink, while the internal coat is dull, roughened and white 
and coveied with necrotic, cheesj', friable material 

"Mtct oscopjc Examination (H and E stain) reveals the cyst wall, although greatly dis- 
torted, to consist of thice more 01 less distinctly different layers The inner surface is 
partly covered w ith pale, bluish-pink staining, slightly granular, amorphous material which 
also fills the caMty and contains scattered erythrocytes and large round cells with a foamy 
CA toplasm and small round, centrally situ- 
ated nuclei , occasional cholestenn crj'stals 
are also present The lining consists of 
flattened endothelial cells Avhich are often 
missing The inner layer is formed bj' 
hyalinized material AA'hich is fibrillar in 
character and shows fibroblasts and scat- 
tered round cells In the middle layer, 
aaIucIi is composed of more cellular and 
less degenerated connective tissue, there 
are manv smooth muscle bundles Avhich 
occasionally form quite a thick layer , 
covering this toAvard the outside is a third 
layer of connectiA'e tissue Avhich is rather 
loose and infiltiated AA'ith fat and contains 
many blood A^essels, infiltrated aa'iUi 
small lymphocytes and plasma cells In 
one section, it contains a Avell circum- 
scribed area of lymphoid tissue Avhich is 
represented by many definite lymph fol- 
licles It shoAVS slight interstitial fibrosis 
and hyperplasia of the reticulo-endothehal 
cells The sinusoids are Avide and filled 
with large endothelial cells, erythrocytes 
and a feAV lymphocytes These three distinct layers are not everywhere recognizable, as 
they are frequently obscured by irregular areas of fibroblastic proliferation, round cell 
infiltration, fresh and old hemorrhages, eAudenced by large extravasations of blood, and 
areas containing numerous large phagocytic cells loaded Avith hemosiderin pigment Some 
of these hemorrhagic areas are quite extensive and undergoing organization 

“Pathologic Diagnosis — The cyst represents a chyle cyst which was the site of 
apparently repeated traumatic hemorrhages The origin of the cyst may be either 
congenital or on a benign neoplastic basis ” 

Summary — A female, age 34, suffering fiom pain in small of back and 
constipation of one month’s standing, presented a tumor suggesting a dis- 
tended gallbladdei The tumor gave a visible shadow roentgenologically 
By appropiiate visualizing methods, it was shown to be retroperitoneal, in 
front of the light kidney, behind the duodenum, to the left of the gallbladder 
(indenting it) and not attached to the hepatic flexure or the transverse colon 

At operation, it was found to be a thick-walled cyst containing creamy 
white fluid, with a capsule densely adherent to the inferior vena cava and 
(to the left) less intimately to anterior aspects of the first and second lumbar 
vertebrae Excision Recovery 
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Tic 9 — Postopentne roentgenogram showing a 
normal outline of the duodenum 
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Pathologic examination of the contents of the cyst levealed chyle-like 
fluid of the same calcium content as human milk, which pi obably accounted 
for visibility of cyst i oentgenologically Culture steiile 

Micioscopic examination of C3'st wall showed connective tissue, smooth 
muscle, lymph spaces lined with endothelium, lymph follicles, a paitly miss- 
ing endothelial lining, etc typical of cystic lymphangiomata (chylangiomata) 

The oiigin of the cyst may be eithei congenital oi on a benign neoplastic 

basis , , ' i 

I I ' 1 

CONCLUSIONS 

(1) Intia-abdominal chyle cysts aie surgical laiities 

(2) Reti opei itoneal chyle cysts aie much more laie than the mesenteiic 
vai lety 

(3) The site, size and 1 elation of sizable cysts to adjacent visceia may 
be demonstiated by modem loentgenogiaphic methods 

(4) The exact diagnosis is deteimined by tbe micioscopic charactei of 
the cyst wall (lymphangioma, deimoid, hydionephiosis, etc) Analysis of 
the fluid contents is of secondaiy inteiest 

(5) Excision IS the method of choice, but if likely to be attended by too 
gieat iisk of injuiy to vital stiuctuies (blood vessels, intestines, etc), mar- 
supialization IS indicated and has given good lesults 

FOREWORD TO BIBLIOGRAPHY 

To gam a piopei idea of chyle cysts has entailed an extensive leview of 
the Iiteiatuie dealing with both the mesenteiic and the much laier letio- 
pei itoneal foims Chyle cysts aie laie — many suigeons of wide experience 
have nevei encounteied one — ^yet theie aie appioximately 500 lepoits in the 
liteiatuie Pi obably because of then laiity, neaily all cases have been 
1 epoi ted 

Titles at times have pi oven inaccuiate, cysts leported as mesenteiic 
might with equal reason have been classified as letiopei itoneal Repoits 
have been incomplete, specimens of the cyst wall weie not taken 01, if taken, 
weie lost 01, even if examined, the gioss and micioscopic desciiptions weie 
not given in detail The same applies to infoimation about the contents of 
the cysts 

Regal ding information about the exact size of cysts, in some cases, it 
must be admitted, this was impossible, especially in huge n removable cysts, 
paiticLilaily if found in obese subjects 

The author has made no attempt to furnish a complete bibliogiaphy 
Articles of paiticulai mteiest fiom one point or another (histone, pathologic, 
clinical) have been given — m many cases, biief abstracts or exceipts have 
been included for the leader’s convenience To those mteiested 111 following 
the subject further, especially legaiding the theories of pathogenesis, clas- 
sification and detailed micioscopic examination, the ai tides by Braqueliaye 
(1S92), Dowd^® (1900), Smolei^® (1901), Sick-'® (1902), KlemnP" (i905)> 
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Speckei t'’"* (1905), Henschen-^ (1905), v HippeF® (1909), Piutz and 
Monmei'^- (1913), Hadley^'’ (1916), MosP® (1917), GodeP® (1921), Hand- 
field-Jones-” (1924), Swaitley^' (1927), and Ebhaidt^^ (i93'2) will be found 
of especial inleiest 

Aside fioin peiiodicals on geneial suigeiy, heie and theie in the pub- 
lications devoted to pathology (Vn chows Aichivs, foi example), embiyology, 
uiolog}, pcdiatiics, and gynecology, ai tides occui beaiing upon the subject 
of this papei 


BIBLIOGRAPHY 

^ Bauer Uber Mescntcnale und 1 etropentoneale C^sten Beitr Z khn Chir , 70, 829, 
1910 

"Benedict, A L Bibliography of Clwloiis C\st of tlie klesenterj" Surg , Gj'iiec , and 
Obstet, 16, 606, June, 1913 

® Bramann, P Lbcr clnluscisten des mcscntenunis Arch f khn Chir , 35, 201, 1887 
Alale, 63, operated on b\ \on Berginann (Apiil, 1886) Cjst occupied mesentery 
of almost entire small intestine, 800 cc creamj fluid aspirated, marsupiahzed (just 
managing to a\oid intestinal walls) , palpating finger reached to spine — interior of 
cist smooth Rcco\cr\ Aficroscopicalh , connectue tissue, blood vessels, no en- 
dothelial or epithelial lining Author notes (1) Intestine and its lymphatics were 
cntirelj normal, (2) aspirated cists refill, (3) drained (marsupiahzed) cysts heal 

■* Braquehaie, Jules Des Kistes du Mesentere Aich Gen de Med, 2, 291 and 572, 
1S92 

A carcfulli 11 ritteii, comprehensive monograph coi cring historic, statistical, patho- 
logic and clinical aspects to date Braquehaye’s statement — that Benevieni, the Floren- 
tine anatomist, was the first to obscric a mesenteric cist, in 1507 — has been quoted 
eier since Fine bibhograplij , but misses a number of important early German ref- 
erences 

® Broca, A et Daniel, C Les kistcs du mesentere dans I’enfance Rev de Gyn et de 
Chir abdominale, 9, 447, 190^ 

“Carson, N B Cliilous Cyst of Mcscnteri JAMA, 14, 674, 1890 

Male, 39 Tumor size of a fetal head, bctiveen umbilicus and pelvis, diagnostic 
aspiration , chyle obtained Then three 3'cars elapsed Operation, five pints of chyle 
evacuated, marsupialization Recovei} No description of operative findings, loca- 
tion of c%st, etc First American report of ch3de cyst of mesenter3’^ 

‘ Collins, A N , and Berdez, G L Chyle C3 sts of Mesentery Arch Surg , 28, 335, 

1934 

“Crane, W Lymphangioma of Mescnter3' Am Jour Surg, 9, 441, 1930 

“Carter, R M C3sts of Mesentcr\ Surg, Gymec , and Obstet, 33, 544, 1921 
Dow'd, Charles N Mesenteric Cy'sts Annals or SuRGnR\, 32, 515, 1900 

A comprehensive review to date Dow'd (p 531) says “ Chylous cysts are 
really preformed cysts situated in such close relation to the lacteals that chyle has 
been effused into them and that they are really embryonic m origin, in structuie similar 
to ovarian and parovarian cysts ” 

This paper attracted wide attention, and w'lth reason It was the first authorita- 
tive contribution on the subject in this country' 

Ebhardt, K Beitrag zur Frage der Chyluszysten Bruns Beitr z khn Chir, 156, 

103, 1932 

The most recent comprehensive monograph , it differs little, if any', with that of 
Henschen, in 1905 Both cover the subject thoroughly' 

Male, 3)4 Entire abdomen filled by tumor Contrast roentgen ray studies of 
colon and kidneys proved them normal Cy'st freed from great omentum and gas- 

399 



JOHN C A GERSTER 


Annals of Surgery 
September 103U 


Pathologic examination of the contents of the cyst revealed chyle-like 
fluid of the same calcium content as human milk, which piobably accounted 
for visibility of cyst i oentgenologically Culture steiile 

Mici oscopic examination of cyst wall showed connective tissue, smooth 
muscle, lymph spaces lined with endothelium, lymph follicles, a paitly miss- 
ing endothelial lining, etc , typical of cystic lymphangiomata (chylangiomata) 

The origin of the cyst may be eithei congenital oi on a benign neoplastic 
basis , , I 

CONCLUSIONS 

(1) Intia-abdommal chyle cysts aie surgical lanties 

(2) Retroperitoneal chyle cysts aie much more lare than the mesenteric 
variety 

(3) The site, size and relation of sizable cysts to adjacent viscera may 
be demonstiated by modem 1 oentgenographic methods 

(4) The exact diagnosis is determined by tbe mici oscopic charactei of 
the cyst wall (lymphangioma, dermoid, hydronephrosis, etc ) Analysis of 
the fluid contents is of secondary interest 

(5) Excision IS the method of choice, but if likely to be attended by too 
gieat risk of injury to vital stiuctuies (blood vessels, intestines, etc ), mar- 
supialization IS indicated and has given good lesults 

FOREWORD TO BIBLIOGRAPHY 

To gam a pioper idea of chyle cysts has entailed an extensive review of 
the liteiature dealing with both the mesenteiic and the much raier retro- 
peritoneal forms Chyle cysts aie rare — many surgeons of wide experience 
have never encountered one — ^j'^et theie aie appioxnnately 500 leports m the 
literature Piobably because of then laiity, neaily all cases have been 
reported 

Titles at tunes have pi oven inaccurate, cysts leported as mesenteiic 
might with equal reason have been classified as retropeiitoneal Reports 
have been incomplete, specimens of the cj'st wall were not taken or, if taken, 
were lost or, even if examined, the gross and microscopic descriptions were 
not given in detail The same applies to information about the contents of 
the cysts 

Regarding information about the exact size of cysts, in some cases, it 
must be admitted, this was impossible, especially in huge irremovable cysts, 
particularly if found m obese subjects 

The author has made no attempt to furnish a complete bibliography 
Articles of paiticular interest from one point or anothei (historic, pathologic, 
clinical) have been given — m many cases, brief abstracts or excerpts have 
been included for the reader’s convenience To those interested m following 
the subject further, especially regarding the theories of pathogenesis, clas- 
sification and detailed microscopic examination, the articles by Braquehaye^ 
(1892), Dowd^® (1900), Smolei^3 (1901), Sick^° (1902), IClemnP^ (1905), 
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Speckeit®"* (1905), Henschen-^ (1905), v HippeP® (1909), Priitz and 
Monnier'^^ (1913), Hadley^® (1916), Most^® (1917), GodeP® (1921), Hand- 
field-Jones-*’ (1924), Swai (1927), and Ebhaidt^^ (i93'2) will be found 
of especial inteiest 

Aside fiom peiiodicals on geneial siirgeiy, here and theie in the pub- 
lications devoted to pathology (Virchows Aichivs, for example), embryology, 
urology, pediatiics, and gynecology, articles occui beaiing upon the subject 
of this paper 


BIBLIOGRAPHY 

^ Bauer Uber Mesentenale und retroperitoneale Cysten Beitr Z klm Chir , 70, 829, 
1910 

“ Benedict, A L Bibliography of Chylous Cyst of the Mesentery Surg , Gynec , and 
Obstet, 16, 606, June, 1913 

® Bramann, P Uber chyluscysten des mesentenums Arch f khn Chir , 35, 201, 1887 
Male, 63, operated on b}' von Bergmann (April, 1886) Cyst occupied mesentery 
of almost entire small intestine, 800 cc creamy fluid aspirated, marsupiahzed (just 
managing to avoid intestinal walls) , palpating finger reached to spine — interior of 
cyst smooth Recovery Microscopicallj', connective tissue, blood vessels, no en- 
dothelial or epithelial lining Author notes (i) Intestine and its lymphatics were 
entirely normal, (2) aspirated cysts refill, (3) drained (marsupiahzed) cysts heal 

^ Braquehaye, Jules Des Kystes du Mesentere Arch Gen de Med , 2, 291 and 572, 
1892 

A carefully written, comprehensive monograph covering historic, statistical, patho- 
logic and clinical aspects to date Biaquehaye’s statement — that Benevieni, the Floren- 
tine anatomist, was the first to observe a mesenteric cyst, 111 1507 — has been quoted 
ever since Fine bibliography, but misses a number of important early German ref- 
erences 

® Broca, A et Daniel, C Les kystes du mesentere dans I’enfance Rev de Gyn et de 
Chir abdommale, 9, 447, 1905 

® Carson, N B Chylous Cyst of Mesentery JAMA, 14, 674, 1890 

Male, 39 Tumor size of a fetal head, between umbilicus and pelvis, diagnostic 
aspiration , chyle obtained Then three years elapsed Operation, five pints of chyle 
evacuated, marsupialization Recovery No description of operative findings, loca- 
tion of cyst, efc First American report of chyle cyst of mesentery 

^ Collins, A N , and Berdez, G L Chyle Cysts of Mesentei y Arch Surg , 28, 335, 

1934 

® Crane, W Lymphangioma of Mesentery Am Jour Surg, g, 441, 1930 

” Carter, R M Cysts of Mesentery Surg , Gynec , and Obstet , 33, 544, 1921 
Dowd, Charles N Mesenteric Cysts Annals or Surgery, 32, 515, 1900 

A comprehensive review to date Dowd (p 531) says “ Chylous cysts are 
really preformed cysts situated in such close relation to the lacteals that chyle has 
been effused into them and that they are really embryonic in origin, in structure similar 
to ovarian and parovarian cysts ” 

This paper attracted wide attention, and with reason It was the first authorita- 
tive contribution on the subject in this country 
Ebhardt, K Beitrag zur Frage der Chyluszysten Biuns Beitr z khn Chir, 156, 
103, 1932 

The most recent comprehensive monograph, it differs little, if an}^ with that of 
Henschen, in 1905 Both cover the subject thoroughly 

Male, 3^2 Entire abdomen filled by tumor Contrast roentgen ray studies of 
colon and kidneys proved them normal Cyst freed from great omentum and gas- 
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trocolic ligament and removed Opening in gastrocolic ligament sutured Recovery 
(An excellent line drawing accompanies this article ) 

Microscopically, marked piedominance of lymph follicle formation m walls of 
polycystic lymphangioma (chylangioma), m contrast to lymph vessel hyperplasia in 
Godel’s case Fluid not examined except to prove its sterility 
Ehason and North Perforated Chylous Cyst of Mesentery Annals of Surgiry, loi, 
1452, X 93 S 

Marsupiahzed , recovered Microscopic examination of wall showed fibrous tissue 
with inflammatory changes , no differentiation of layers , no muscle fibers “Chjlous 
evst of mesodermal origin” Perforations previously reported by Pedersen (i) 1928 
and Dutton (2) 1930 and Ehason (3) 1935 

Elter, J Zur Retroperitonealen Cystenbildung Bruns Beitr z klm Chir , 30, 558, 
1902 

Male, 13 Epigastrium run over Celiotomy 14 days later Large retroperitoneal 
mass m left hypochondnum , gastrocolic omentum divided , 800 cc clear yellow fluid 
with some fibrin Marsupiahzed Recovery Cyst reached to vertebral column 

Author gives a classification of retroperitoneal cjsts, and lists previously re- 
ported retroperitoneal cysts (Rokitansky, Killian, Narath, Strehl, Sarwey, Enzmann, 
Obahnski, Zweifel, and Bardenheuer (The last two reported as retroperitoneal 
dermoids ) 

Enzmann Beitrage z path anat d Ductus Thoracicus Inaug Dissert, Basel, 1883 

Female, 77 At autopsy Enzmann found what he considered a cyst of lower part 
of thoracic duct — greatly hypertrophied connective tissue walls Later authors fail 
to agree with this interpretation 

^“Friend, E Mesenteric Chyle Cyst Surg, Gynec , and Obstet , 15, i, 1912 
Fatyol, C Operierte Falle (2) von Mesenterialer Chyluscysten Ztschr f Geburts u 
Gynak, 60, 1003, 1936 

Case I — Base of cyst (chyle cyst) broadly adherent to vertebral column and 
aorta, marsupiahzed 

Case 2 — Excised readily 

Classification Ages vary from 4 mos to 71 yrs , male i, female 4 Mentions 
involvement of plexus solans (“synkope gefahr”) 

Gjorgjevic, V Uber Lymphorrhoe u Lymphangiome Arch f klm Chir, 12, 641, 
1871 

Excellent list of references, well written, interesting article by an assistant of 
Billroth’s 

Godel, Alfred Zur kenntnis der Peritoneal Zysten Frankfurter Ztschr f Path , 
26, 564, 1921-1922 

Male, 20, died of fractured skull Chance find at autopsy, polycystic (multilocu- 
lar) chylangioma of mesentery of hepatic flexure Two parts, each the size of a 
child’s head (i) Intraperitoneal, hung down into true pelvis (2) Retroperitoneal, 
behind ascending colon in angle between vertebral column, right kidney, and liver 
(An excellent illustration accompanies this article ) Thoracic duct and cysterna 
chyli entirely normal Lymph nodes in the mesocolon, and wall of the colon itself 
entirely normal 

The pathologic examination of the cysts of unusual interest The largest cyst, 
which seemed unilocular, proved to be multilocular on section Many solitary cysts 
of varying sizes also present The smaller isolated cysts were thin-walled, and con- 
tained a clear, fatty fluid All other cysts contained a milky fluid, which micro- 
scopically proved to be albuminous, with fat droplets and scattered lymphocytes 
Examination of the cyst walls showed large and small cystic, cavernous and simple 
telangiectatic regions, all close to each other, and all lined with a single layer of en- 
dothelium 

Furthermore, the endothelial lining of cavernous and cystic, chyle-filled spaces 
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was surrounded by a definitely proliferating connective tissue stroma, localized to 
one part of the mesocolon, indicating a chylangioma, and with definite indications of 
new growth of lymph vessels through sproutings of endothelium, at first solid and 
later hollow Godel also pointed out that the new growth of connective tissues was 
not present throughout the specimen, stating “We know that lymphangiomas have 
a tendency to become stationary and to undeigo regressive changes, particularly cystic 
degeneration ” 

In all the larger cysts, there was a fibromuscular layer of varying thickness, 
forming projections into the lumen of the cyst cavity, and at the base of these pro- 
jections, there was a rich capillary blood vessel network, besides, a whole system of 
lymph spaces communicated with the mam cyst cavity 

In certain of the old thick-walled cysts, the endothelium had entirely disap- 
peared In these, the thick-walled connective tissue showed hyalin degeneration 
without elastic fibers, or smooth muscle The endothelial lining had disappeared, 
there was calcified detritus No signs of new growth of lymphatics, few blood vessels, 
and few lymph spaces Round cell infiltration here and there 

Godel considers this to be a true tumor, a chylangioma of the mesocolon, a 
multicystic chylangioma 

Kayser, m 1914, was able to collect only 15 chylangiomata of the mesocolon, 
these were unilocular cysts, or occasionally multilocular solitary cysts A case of 
multilocular polycystic chylangioma of the mesocolon could not be found m the litera- 
ture at the time of Godel’s publication 

The surgical aspect of this case was of interest, in that the intra-abdommal, 
pedunculated group of cysts could not have been completely excised, because at the 
base in the mesentery itself there was an infiltrating cavernous lymphangioma which 
had no sharp boundary It is interesting to note that the young man had had in- 
definite abdominal complaints since early childhood 

Godel refers to the endless discussion as to whether these cysts are true new 
growths or are developed from varicosities of preformed lymph vessels, in other 
words, whether they are lymphangiomata or retention cysts The difficulty lies n 
their rarity, and the incomplete and poorly described case reports 

There is a strong resemblance both macroscopically and microscopically be- 
tween lymphangiectasis of normal lymph vessels, and true lymph vessel new growths 
Besides all this, the two types may he close to one another, and be actually m com- 
bination For example, a tumor, originally a new growth, may come to a standstill 
and undergo marked changes through stasis In order to prove that a given tumor 
IS a lymphangioma, it is necessary to establish an actual new growth of lymph 
vessels, a condition rarely fulfilled among the few cases reported The absence of 
such proof of new growth m adults is common However, this absence is no proof 
against the cysts originating from a new growth to begin with 
“Hadley, M N The Origin of Retroperitoneal Cystic Tumors Surg, Gynec, and 
Obstet , 22, 174, 1916 

According to Hadley it seems more than probable that the group of abdominal 
tumors generally classed as chyle cysts do not all have the same origin The only 
way we have of determining the nature of a cystic tumor is by a study of its life 
history, its location, the structure of its wall and the character of its contents By 
these criteria, chyle cysts of the abdomen vary so widely that it seems hardly logical 
to ascribe a common mode of origin 

According to Florence Sabin, in the development of the lymphatic system there 
are two stages First, the development of a series of isolated lymph sacs, which are 
clearly derived from the veins and which later become united by the thoracic duct 
which connects these sacs with each other The second stage involves the peripheral 
growth of lymphatic vessels which sprout out from the endothelial lining to these 
sacs and spread over the body 
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The process of development from the lymph sac to the adult lymph node is as 
follows The lymphatic sacs by a process of bridging and cutting of the lumen b\ 
bands of connective tissue are transformed into a plexus of lymphatic capillaries out 
of which chains of lymph nodes are evolved If this development of a particular 
lymph node was arrested at a stage when it was still a plexus, we would have the 
basis for the development of a future cyst According to Hadley, it is some ab- 
normality of the first stage of development in this primitive lymph sac that seems 
to offer the explanation of the origin of the retroperitoneal cystic tumors as well 
as those of the neck The primitive lymph sacs are four in number The jugular 
sacs located m the neck, the retroperitoneal sac located in the abdomen opposite the 
lower dorsal and upper lumbar vertebrae and the posterior sacs located m the pelvis 
The retroperitoneal cystic tumors develop at a point corresponding in location to the 
primitive retroperitoneal lymph sac Hadley concludes that the close similarity of 
neck and retroperitoneal lymph cysts seems strongly suggestive of a common origin 
In addition, the fact that they arise where primitive Ijmph sacs originally occur is 
also strongly suggestive 

Abstract of Case Male, 48 Large abdominal tumor above and to the left of 
umbilicus In March, 1911, family physician aspirated two quarts of milky, white 
fluid Aspirations repeated September, December, 1911, and August, 1912, yielded 
gal yellowish fluid the color of chicken fat At operation, August, 1912, 
enormous cystic tumor filled entiie abdomen The base rested against the posterior 
abdominal wall beneath the peritoneum extending from the arch to right of the verte- 
brae to within an inch of the left kidney The tumor was easily enucleated Unevent- 
ful convalescence until the 12th day, patient suddenly began to vomit and died two 
days later with symptoms of acute gastric dilatation 

"The tumor wall was fibrous, noncellular, and resembled connective tissue ” 
There was no epithelium (endothelium) present on the inner wall No chemical 
examination of contents made 

Handfield-Jones, R M Retroperitoneal Cysts Their Pathologj% Diagnosis, and 
Treatment Brit Jour Surg , 12, 119, 1924 

Defines retroperitoneal cysts as "those lying in retroperitoneal fatty tissues which 
have no apparent connections with any adult anatomic structure save by areolar tis- 
sue” (p 120) 

Again, lymphatic cysts are classified as (i) Those formed in the lymphatics re- 
turning from the intestine-chylous cysts (2) Those arising in lymphatic field behind 
the peritoneum and not connected with the intestine — single cjsts of varying size 
analogous in origin to single cystic lymphangiomata seen in the neck 
CLASSIFICATION OF RCTROPFRITONEAL Cl STS 


Emit yologico- Anatomic Basis 


(A) 


Cysts of urogenital origin 



Pronephne 

Mesonephric 

Metanephric 

Mullerian 


(B) Cysts of mesocolic origin 

(C) Cysts arising in cell inclusions — ^teratomatous cysts 

(D) Lymphatic cysts 

(E) Traumatic blood cysts 

(F) Parasitic cysts 

(G) Cysts of developmental origin in fully formed organs — the kidney, the pancreas 
Hahn, Eugene Uber Mesenterial cysten Beitr klin Wchnschr , 24, 408, 1887 Good 


summary 

Hedinger Casinstische Beitrage z Kenntniss der Abdominalcysten Virchows Arch 
167, 29, 1902 
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Henschen, K Beitrage z Geschwulstpathologie des Chylusgefassystems Inaug Dis- 
sert , Zurich, 1905 

The most compieheiisive monograph on the subject up to the present All 
aspects of the subject aie covered Excellent list of references (252) For the 
reader’s convenience, the following summarized excerpts may be of interest Henschen 
states that the presence of chyle-likc fluid may come from relatively few connections 
with chyle-bearing lymphatics or may come through fatty degeneration of tissue lin- 
ing the cysts Henschen (p 66 and 67) refers to Koblanck and Pfoite’s case 
(Virchows Arch, 161, 44, 1900), of a women, age 61, with a huge retroperitoneal 
cyst containing 25 liters of creamy fluid identical in its chemistry and morphology 
with those of chyle, yet micioscopic examination proved it to be a huge hydro- 
nephrosis 

Again (p 70 and 71) In the starving animal, chyle and lymph are practically 
the same The amount of fat found in chjde depends upon quantity and quality of 
ingested food Henschen quotes the following observations to show that lymph in 
lymphatics (of the extremities, for example) after fatty meals, contains fat in practi- 
cally the same percentages as that in the chyle-bearing lymphatics Thus, Hensen 
(Pfugers Arch, vol 10) in a boy of 10, with a lymph fistula, reported from 28 to 
396 per cent of fat 111 lymph Lang (aftei Hammersten, text-book of physiologic 
chemistry, 316 ed , 1895, p 159), in a girl of 17, with a lymph fistula of thigh an 
average of 24 5 per cent fat in lymph, lastly, Munck and Rosenstein (Virchows Arch , 
vol 123), in a girl of 18, weighing 60 Kg, found 0 6 to 2 6 per cent fat during hunger 
periods rising to 47 per cent aftei fatty meals 
Hensen Uber die Zusammensetzung einer als Chylus aufzufassenden Entleerung aus 
der Lymphfistel eines Knaben Arch f d ges Physiol v Pfluger, 10, 94, 187s 
Higgins, T T , and Lloyd, E 1924, (Slocum) Mesenteric Cysts with Report of Two 
Cases Brit Jour Surg, 12, 95-105, 1924 

Male, 5 Tumor occupied entire right side of the abdomen "X-rays demonstrated 
a retroperitoneal tumor pushing intestines forward” Celiotomy Multilocular cyst, 
35 oz brown, turbid, odorless fluid, thick wall of fibrous tissue with endothelial 
lining (An excellent illustration accompanies this article ) 

Female, 45 Cyst , right lumbar and right hypochondriac regions Right lumbar 
incision Seven pints greenish-brown fluid, aspirated Excision Recovery 
Hill, J M Mesenteric Chyladenectasis Am Jour Path , 13, 267-276, 1937 Dis- 
cussion and bibliography 

Hochenegg Lymphcyste d Mesent Wien khn Rundsch , 81, 1895 
Hoffmann, V Zur Kenntnis der Chyluscysten Deutsch Ztschr f Chir , 151, 137-142, 
1919 

Heuper, W Mesenteric Enterocystomata Jour Lab and Clin Med , 12, 427, 1926 
von Hippel Retroperitoneale Lymphcyste und Pankreascyste Arch f khn chir , 88, 
1014, 1909 

Female, 63 Large retroperitoneal cyst — gallbladder above, stomach and first 
part of duodenum displaced downwards (they he on mesial and anterior aspects of 
cyst wall), tiansverse colon below, right kidney outside and behind Unilocular, 
three extensions toward vertebral column — one strand extending mesially and back- 
ward, joins another from above, 3 cm away from cyst wall (in Strauss and Sayre’s 
case, cyst wall was smaller — ^has similar strands Schorlemmer’s case likewise — 
Author) These extensions contained chyle, ligated and divided Marsupialization 
Death 28 da3'^s later from large abscess m pouch of Douglas, secondary to old 
ischiorectal abscess No connection with cyst At postmortem, cj^st wall found ad- 
herent to duodenum and colon, separate from pancreas Right kidney free from 
cyst, but had two orange-sized cysts of its own Tracts described at operation not 
found at hurried autopsy 
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Killian, G Eine grosse retroperitoneale Cyste mit Chylusartigen Inhalt Berlin klin 
Wchnschr, 23, 407, 1886 

Female, 61 Tumor in right hypochondnum, aspirated twice, 2,500 cc and again 
four weeks later, 2,200 cc obtained Operation four weeks later Celiotomy — Mar- 
supialization Hand introduced into open cyst could feel the psoas, vertebral column 
and aorta to left, right kidney lay in front of C3st wall Recovery Specimen of 
wall not taken (Probably the first case to be operated upon in Germany ) 

Klemm, Paul Beitrag zur Genese der Mesent Chylangiome Virchows Arch , 181, 
541 , 190S 

Male, 254 Multilocular chyle cj'st of mesentery of ileum Small intestine (ileum) 
stretched like a flat band over cyst wall Resection , recovery Cyst contained 1,500 
cc of chyle Specimen showed dilated tortuous lymphatic vessels for 25 to 30 cm 
from cyst wall Close to the cyst, cavernous formation 

Discusses variations m 

Site from radix to edge of intestine , usually 111 mesentery of small intestine 
(50) rarely m mesocolon (2) 

Size Microscopic, to that of a cocoanut or larger 
Number i Single unilocular the most frequent 

2 Less frequent!}' multilocular unicjstic or polj cystic 

3 Or variations, , one large, many smaller (see Tuffier) 

Good, detailed microscopic description of cyst wall For cases similar to 
Klemm’s see Ritter (after Klemm), Moynihan, and Vertan 
Koblanck and Pforte Hj'dronephrose mit chylusahiilichem Iiihalt und eigeiiartiger 
Wand, nebst Bemerkungen uber Chjduscj'sten Virchows Arch , 161, 44, 1900 

Woman, 61 A huge retroperitoneal cjst containing 25 liters of fluid identical 
m its chemical and morphologic constituents with those observed in chyle Micro- 
scopic examination of elements of c}'st wall proved it to be a hydronephrotic sac 
Lanzarini A Large Cystic Lymphangioma of the Right Iliac Fossa (transl ) 
Zentralbl f d Gesamte Chir , cfc , 4, 714, 1914 

Female, 49 Excision Microscopic Multiple lymphangiomata 
Millard and Tillaux Kyste due mesentere chez un homme Bull Acad de Med de 
Pans, 17, 831, August, 1880 

Male, 31 Tillaux (Operator) Celiotomy — Pedunculated chyle cyst of the 

mesentery Excision Was “like removal of an ovarian cj'st ” (Early French case ) 
Mmnervini, R Lymphangioma of the Omentum, Multiple Cystic Lymphangioma of the 
Abdomen La Chnica Chirurgica, 23, 90, 1915 
Moynihan, B Tumors of the Mesentery Med Chron , 36, 345, 1902 See also 
Annals of Surgery, 26, 1-30, 1897 (Moynihan’s case similar to Klemm’s and 
Vertan’ s ) 

Most, A Chirurgie der Lymphgefasse und der Lj'mphdrusen Neue Deutsche Chirurgie, 

24, 307, 1917 

Brief but comprehensive Very worthwhile 
Narath, A Uber retroperitoneale Lymphcysten Arch f klin Chir , 50, 763, 1895 

(1) Male, 52 Cyst size of man’s head occupied left half of abdomen Drained 
by left lumbar incision, 4,000 cc of chyle obtained Death from sepsis Postmortem 
Wall I Mm thick, cyst in front of left kidney Considered to have originated in 
left lumbar Lymphatic plexus No microscopic examination of cyst wall 

(2) Female, 22 Large retroperitoneal cyst the size of a man’s fist, pointing in 
thigh At operation (excision) found to originate near transverse process of lum- 
bar vertebra two fingersbreadth below umbilicus Unilocular with several extensions 
W^all thin in some places, thicker in others Lining Granulation tissue with foreigpi 

body giant cells , - , ^ 

Strehl (Deutsch Ztschr f Chir, 178, 1899) and Minssen (Deutsch Ztschr f 
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Chir, 83, 577) questions whether Narath's second case was not that of a psoas 
abscess 

Obahnski, A Uber serose retropentoneale cysten Wien klin Wchnschr , 4, 719, 1891 
Female, 57 Cyst size of man’s head Diagnosed as hydronephrosis or echinococ- 
cus cyst, was retroperitoneal in right lumbar region, aspirated, then enucleated 
easily Microscopic examination of wall , fibrous connective tissue and elastic tissue 
Contents Watery Apparently a retropei itoneal lymph cyst from miillerian or 
Wolffian lests (Przewoski, Polish author, 1889 ) 

Obahnski lists cases of serous cj'sts prior to 1891, Bramann, Hahn, Solman, 
Kosinski 

Proust and Monod Conti ibution to Study of Mesenteric Cyst Especially Chyle Cysts 
Rev de Gynec , etc , 19, 225, 1912 

A comprehensive monograph, detailed reports, good illustrations, very com- 
plete reference list 

4- Prutz, W, and Mourner, E Die Chirurgischen, Krankheiten u die Verletzungen des 
Darmgerkroses und der Netze Deutsche Chiruigie, 46, 1913 

Chapter on cysts and tumors of the mesentery (especially p 338-343) gives a brief 
but comprehensive summary on lymphangiomata Also includes Henschen’s classi- 
fication of mesenteric cysts — analogous to Handfield- Jones classification of retroperi- 
toneal cysts 

4^ Quincke, H Deutsch Arch f klin Med, 16, 121, 1875 

Describes chylous ascites — due to cicatricial obstruction to lacteals of mesentery 
close to border of intestine, also obstruction of thoracic duct by tumor growth, with 
rupture of distended lacteals Lastly, rupture of thoracic duct by whooping cough 
paroxysms followed by chylous ascites (Wilhelms ) 

44Ribbert, H Virchows Arch, 151, 381, Geschwulstlehre, 151, 181, 1904, Allgemeine 
Pathologic, p 223-224 and 249 

4®v Ritter (Chian’s pupil in Prague) Zur Kenntmss der Cystischen Lymphangiome in 
Mesenterium des Menschen Ztschr f Heilk, 21, 31, 1900 

4® Roller, C S Mesenteric Cysts Surg, Gynec, and Obstet , 60, 1128, 1935 

Good historic review Estimates 500 cases in the literature Interesting sta- 
tistics from recent hospital reports showing great rarity of the condition (See 
Slocum also ) 

4'*’ Rosenheim Demonsti ation eines Praparates von Multilocularen chylosen Mesenterial 
cysten b Kinde Deutsch med Wchnschr, 23, 68, 1897 

4® Rokitansky Lehrbuch d Path Anat , 3 Aufl , 2 Teil, p 295 (after Elter) 

Postmortem Male, 36, Pulmonary tuberculosis Retroperitoneal cyst size of a 
child’s head Pancreas above, duodenum to right, descending colon to left Contents 
Milky fluid, blood tinged Varix-like enlargement of a lumbar extension 
Sarwey, 0 Ein Fall von reti opentonealer chyluscyste bei einern ii jahngen Madchen, 
Extirpation, Heilung Centralbl f Gyn, 221, 407, 1898 

Female, 9 First seen August, 1894 Two years previously abdominal tumor 
noticed Two aspirations made previously, in September, 1893, and m June, 1894 
Admitted to the clinic December, 1894, to August, 1895 In May, 1895, tumor as- 
piiated, 6,200 cc clear, milky fluid drawn off Second admission December 20, 1895 
Aspiration March, 1896, 6,000 cc obtained (Note In 1896, child fell striking 
abdomen, was sick with symptoms of peritonitis for three weeks in bed ) Dis- 
charged August, 1897 November, 1897 (third admission) 

Celiotomy December 3, 1897 Huge retroperitoneal tumor Posterior parietal 
peritoneum divided in order to expose cyst Cyst opened and five liters of same 
typical milky fluid obtained The stem of cyst projected from between stomach and 
transverse colon and originated from posterior panetes (An excellent line drawing 
accompanies this article ) Was easy to trace stem of cyst to head of pancreas with 
which it was connected by a stem 2 cm long, the thickness of a little finger Here 
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it was divided, and the same milky fluid escaped from the proximal end No adhesions 
with any of the neighboring organs Stump cauterized with actual cautery, buried 
and abdomen closed Uneventful convalescence 

Chemical and microscopic examination of contents showed similarity to milk, 
no digestive ferments Cyst Wall Uniformly smooth interior except on a few spots 
where there are smaller daughter cysts Microscopic examination showed smooth 
muscle cells, connective tissue, blood vessels, endothelial lining Diagnosis Retro- 
peritoneal unilocular chylangioma (At time of extirpation the girl was ii years old ) 
A good review of subject up to date of publication 
Sick, Conrad Beitrag zur Bau u Wachstum der Lymphangiome Virchows Arch , 
170, 9, 1902 

Male, 21 Retroperitoneal cavernous lymphangioma with cyst formation involv- 
ing most of the retroperitoneal space from diaphragm to pelvis and to both sidis 
of the vertebral column Detailed pathologic report clearly illustrated Well worth 
reading in original A good example of a misleading title — no one could guess it to 
indicate a ictiopcnioncal lymphangioma 

A tumor of this extent and character is inoperable 
Schorlemmer, R Beitrag zur casuistik der retroperitonealen cysten Deutsch med 
Wchnschr , 28, 914, 1902 

Male, 54 For six months some difficulty in swallowing, stomach trouble, belch- 
ing Noticed a tumor of the right side of abdomen below naval near midline Opera- 
tion — Feb 17, 1902 Cyst to the right, rctroi>eritoneal, unilocular, contained about 
1,000 cc of chyle Upper and lower poles impossible to remove These were ligated 
and remainder of cyst excised No connection with pancreas or Ijmph nodes Pos- 
terior parietal peritoneum sutured Recovery Microscopic examination of cyst wall 
Connective tissue with a tendency to fatty degeneration of the layers from without 
inwards No endothelial or epithelial lining (Absence of endothelial lining noted 
by most authors ) In fluid — fat droplets , no pancreatic ferments Schorlemmer 
considers the preoperative belching and djsphagia to have a reflex irritation as their 
cause (Patient admitted lifting a very heavy wagon ) 

Slocum, M A Surgical Treatment of a Chjlous Mesenteric Cyst by Marsupialization 
Am Jour Surg , 41, 464, 1938 

Female, 48 Cyst filled almost entire left upper quadrant of abdomen, size re- 
duced by aspiration ( i ,000 cc ) , cyst opened , aorta and vertebral column to be felt 
through cyst wall One loop of small intestine densely adherent to cjst Recovery 
Cyst wall showed connective tissue, lymphocytes, no endothelial lining Diagnosis 
Chyle cyst of mesentery with fibrosis and chronic inflammation Analyses of chyle 
similar to those cited by Henschen (1905) 

Smoler, F Zur Kasuistik der Mesenterialen Lympheysten Bruns Beitr z klin Chir, 
32, 295, 1901-1902 

Male, 60 Chyle cyst m mesentery of small intestine size of a child’s head 
Radiating, distended lymphatics contained chyle Cyst aspirated first to lessen its size 
then enucleated (it reached to root of mesentery) Cyst wall 2-4 Mm thick Ac- 
curate gross and microscopic description of three separate layers of cyst wall 

Smoler notes that presence and absence of endothelial lining of cyst wall is re- 
ported by equal numbers of authors In all cases, however, endothelium is seen 
lining lymph spaces within cyst wall proper 
Speckert, J Em Fall von Chyluscj^ste Arch f khn 01^,75,998,1905 

Female, 29 Ch>le cyst m mesentery of lower ileum, marsupiahzed Recovery 
Well two and one-half years later Detailed microscopic description of three layers 
of cyst wall 

A carefully written, comprehensive article , covers historic, pathologic and clinical 
aspects, including differential diagnosis treated m considerable detail 

It IS interesting to note meticulous description of the physical examinations of 
that era They included examination under anesthesia, with patient in Trendelenburg 
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position, and pelvic examination as a matter of course, also inflation of stomach and 
of colon to determine relation of cyst (or tumor) to the intestines and to the liver , 
measures less frequently resorted to since advent of roentgenologic examination 
Strauss, S F , and Sayre, B E Retroperitoneal Chyle Cyst Annals of Surgery 

102, Iii8, 1935 

Female, 38 Retroperitoneal chyle cyst size of a grapefruit, liver and gall- 
bladder upwards and to right, stomach and duodenum below and to left Posterior 
parietal peritoneum incised Three large lymph vessels seen going into anterioi 
surface — upwaid, downward and to the left Ligated Cjst removed Cyst bed 
drained No subsequent leak of chyle Recovery Fluid “Chyle, verified by micro- 
scopic examination ” No report on cyst wall 
Strehl, Hans Retroperitoneale lymphcyste odei senkungsabscess Deutsch Ztrschr f 
Chir , 51, 178, 1899 Assistant to Eiselsberg m Konigsberg 

Cites Narath’s case of the 22 year old girl and considers it probably of tuberculous 
character with clear fluid content His own case (1897), man of 20 operated upon 
by von Eiselsberg, was considered to closel3' resemble Narath’s case Portion of cyst 
present in thigh (left) was incised and one liter of clear jellow fluid escaped In- 
terior of cyst wall showed many polypoid excrescences Finger introduced through 
this opening in thigh passed upwards beneath Poupart’s ligament into pelvis A sound 
could be passed upwards to the region of the left kidney Part of cj'st wall removed 
for microscopic examination Man}’’ giant cells in wall and m certain places typical 
miliary tubercles Therefore Strehl is certain this was a tuberculous abscess point- 
ing in the thigh, although no bonj'- focus could be demonstrated (Konig speaks of 
“congestionsabscessen” with serous contents, ref Textbook for Special Surgery, Vol 
3 > P 374) Strehl considers the fact that the so-called cyst could not be readily 
enucleated but was densely adherent to fascia and intramuscular ligaments as addi- 
tional evidence for the diagnosis of tuberculosis 

In Strehl’s case, the cavity was filled with iodoform glycerin and the wound was 
closed tightly Nevertheless, the wound broke down and a fistula developed which 
seemed to be closing at the time of publication 
Swartley, W B Mesenteric Cysts Annals or Surgery, 85, 86, 1927 

Abstract Rokitansky, Brucy and Virchow ascribed origin from degenerated 
lymph nodes Dowd, in 1900, reported a cyst of transverse mesocolon in a woman, 
closely resembling a multilocular ovarian cyst He suggested its originating from 
embryonic sequestration Moynihan and Ayeis also stressed embryonic origin 
Klemm considered cysts as neoplasms developing from misplaced or sequestrated 
portions of mesodermic tissue , i e , embrjmnic m origin Cystic disease of the 
mesentery is more frequent in women than in men 

First case Female, 7 Cyst, mesentery of ileum size of grapefruit Wall 
showed three layers — inner, serous, middle, muscular, and a thick fibrous envelope 
undergoing calcareous changes 

Second case Male, 26 History of trauma in region of right kidney Cyst in 
mesentery^ of upper jejunum Enucleation Recovery' Contents “Sebaceous ma- 
terial ” 

Syms, Parker Chyde Cysts of Mesentery Annals of Surgfrv, 23, 605, 1896 

Male, 19 Cyst in mesentery of ileum, four inches in diameter, “14 oz pure 
chyde” , enucleated , recovery 

Tilger, A Uber ein Fall von Lymphcyste innerhalb des Ligamentum Hepatogastricum 
Virchows Arch, 139, 288, 1895 

Postmortem Female, 71 Died of uremia and bronchopneumonia Healed 
gastric ulcer at lesser curvatuie, unilocular ly'mph cyst containing 14 cc of yellowish, 
fatty fluid in gastrohepatic ligament 

Tilger’s concept of a “lymphangitis chronica desquamativa” as causing this cystic 
formation did not meet with acceptance by later authors To sustain his contention 
Tilger cited the report of Engel Reimers (Arch f klin Chir , 23, 632, 1879) of a 
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lymphangioma of the stomach wall supposedly due to stenosis of lymph vessels follow- 
ing cicatricial contracture of a chronic gastric ulcer of the lesser curvature (Ob- 
viously cases of coincidence— not of cause and effect [Author ] ) 

Timbal, R Rev de Chir , 41, 45, 1910 Early, frequently quoted article 
®^Tuffier Unilocular Chyle Cyst of the Mesentery (Small Intestine) Bull et Mem 
de la Soc de Chir de Pans, 18, 582, 1892, and 30, 457, 1904 

Case I — Male, 48 Size of head of a fetus , in the mesentery close to vertebral 
origin Excised, cured 600 cc of fluid in cyst 

Case 2 — Child, 12 Signs of chronic intestinal obstruction for several years 
Multilocular One cyst contained one liter of serous fluid , another, two liters of 
chylous fluid Many numerous small cysts infiltrated the mesentery 
Vertan, E Uber em seltenen Fall von Chylangioma cysticum Mesentern Zentralbl f 
Chir, 63, 86, 1936 

Female, 5 Operated for chronic appendicitis , at celiotomy — free milky fluid 
present Two mesenteric cysts of ileum pinched the intestine between them, 10 cm 
of intestine resected with cysts End-to-end suture Recovery 

Good illustration Klemm, Moynihan also had similar cases 
Volkmann, J Uber chylus cysten am Halse Bruns Beitrage z khn Chir, 146, 654, 
1929 

Male, 34 Fluctuating swelling, size of a hen's egg, m right supraclavicular re- 
gion Diagnosis lay between cold abscess, bronchial cyst and lymph cyst At opera- 
tion, cyst was easy to enucleate except where densely adherent to internal jugular 
vein which was injured but repaired Several enlarged lymphatic vessels seen leading 
into cyst Multiple fine ligatures to cyst bed, it being impossible to pick up individual 
lymph vessels Recovery 

Cyst unilocular, smooth inner wall Microscopically, the wall showed three 
layers Outer Thin vascular connective tissue, with much perivascular infiltration 
Middle Dense connective tissue, with many' circular elastic fibers and few smooth 
muscle fibers, containing many widened lymph capillaries Inner Longitudinal elastic 
fibers, with a single layer of endothelial cells lining the inner aspect This intnna 
coat showed scattered round cells A few lymph follicles m the wall at one point 
Diagnosis “Lymphangioma chylocysticum, partim cavernosum ” 

Volkmann gives nine references regarding chylorrhea of the lower extremity 
(See Henschen-® also ) There is an extensive tabulation of the chyde obtained from 
his own three cases, and compared with that obtained by Grauhan (Grauhan’s 
case was in a pregnant woman, and the fluid might have come from an aberrant 
mammary gland ) 

The author considers the embryology of lymph vessel formation according to 
Bonnet (See Handfield-Jones,“° Florence Sabin’s work), and cites Herbert Neu- 
mann’s etiologic classification of tumors of the lymphatic vessels (Arch f klin 
Chir , 147, 314, 1927 ) 

(i) Mechanical Theories 

(A) Distention of the afferent lymph vessels of thoracic duct, caused by tumors, 
congenital defects, infarct of inspissated chyle, obliteration of the mam duct 

(B) Trauma 

(a) Traumatic escape of lymph 

(b) Rupture of the thoracic duct 

(C) Chronic inflammation of lymph nodes m tuberculosis, typhoid fever, dysen- 
tery 

(a) Inflammatory changes in the node itself, or, 

(b) In the afferent lymph vessels, through independent growth of the wall 
(2) Neoplastic Theories 

(A) Congential (chvlangioma of Henschen) 

(B) From the mesoderm 
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Warfield, J 0 A Study of Mesenteric Cysts with Report of Two Cases Annals of 
Surgery, 96, 329, 1932 

Study of 129 cases of mesenteric cysts (estimates 500 in the literature) Exten- 
sive bibliography on both mesenteric tumors and cysts 
05 Wegner Uber Lymphangioma Langenbcck’s Arch f klin Chir , 20, 641, 1877 

Was the first to classify (differentiate) Ij^mphangiomata as simple, cavernous and 
cystic His classification accepted ever since 
Weichselbaum Eine seltene Geschwulstform des Mesent (Chidangioma cavernosum ) 
Virchows Arch 64, 145, 1875 

Male, 80 Died of scurvy and pneumonia Chance finding at postmortem Tumor 
of mesentery of upper ileum size of a saucer, at first taken for a lipoma — proved, micro- 
scopically, to be a fatty, cavernous lymphangioma showing all stages simplex, 
cavernous and cystic forms ( See also cases of Smoler, Klemm, and Godel ) One of 
the first cases to receive detailed microscopic study 

Weichselbaum refers to Billroth (1858), who held that activity of the connective 
tissue stroma was responsible for originating the process in lymphadenoma cavernosum 
Weichselbaum questioned how chyle could occur m lymphadenomata so far from the 
lacteals Cited Desjardins (1854) , a woman with a lymphadenoma simplex of thigh 
and abdominal wall, leaking milky fluid, fat droplets, etc Aubry ( 1866) found milky 
fluid in cysts of thigh Fetters (1875) found milky fluid in a labium majus (See also 
reference to Henschen above ) Weichselbaum noted fatty degeneration of endothelium 
and inner walls of cyst 

V Winiwarter, A Chylangioma Cavernosum in Abdomine Med -Chir Centralblart 
(Wien), 14, 4 and 15, 1879 

Female, age 4 months Born with abdominal mass, now so enlarged that respira- 
toiy and alimentary functions were impeded Aspirations of milky fluid from left 
hypogastnum as follows (i) April 20, 1876, 3,000 cc, (2) September 12, 1876, (3) 
November 18, 1876, (4) December 19, 1876, (5) January 16, 1877, 2,000-3,000 cc each 
time The parents then decided against operation and the patient was lost track of 

Discussion — Dr Allen O Whipple (New Yoik) discussed the dif- 
ferential diagnosis of reti opei itoneal chyle cysts and of 1 etropei itoneal cysts and 
tumors in general, because of the difficulties they piesent m accuiate diag- 
nosis, which has so much to do with accurate and efficient suigical therapy 
He also discussed certain points m regard to the operative theiapy of mtra- 
abdommal cysts, paiticularly the letroperitoneal vaiieties 

In regaid to differential diagnosis, Doctoi Whipple pointed out that these 
masses appeal on both the right and left sides and, on the right side, have to be 
differentiated from enlai gements and tumois of the gallbladder, duodenum, 
adrenals, kidney, liver and pancreas Accuiate 1 oentgenologic studies, with 
cholecystogiams, barium studies of the duodenum and jejunum in 1 elation to 
the palpable mass, and pyelogiams, both mtiavenous and letrogiade, help tre- 
mendously m leachmg a diagnosis, as was well illustrated m Doctor Geistei’s 
case 

On the left side, these masses have to be differentiated fiom stomach, spleen 
and panel eas, left adrenal and left kidney Pei haps the most frequently over- 
looked lesions are the tumois of the stomach, which can be very easily con- 
fused with cysts of the pancieas and with enlarged spleens In these left-sided 
masses, a small amount of barium by mouth togethei with a barium enema help 
greatly in detei mining the relation of the cyst to the stomach and bowel Ac- 
cuiate ui ologic studies ai e also very important At times an ordinary roentgen- 
ogram of the abdomen shows a calcification of the wall in these cysts which 
frequently narrows the diagnosis to a pancreatic or lenal cyst Sometimes a 
pneumoperitoneum will give accurate information Doctor Whipple said he 
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was not familiar enough with the peritoneoscope to say whether or not this 
examination would be of real help 

Concerning opeiative theiapy, excision is the procedure of choice and 
gives, without question, the best results But in so many of these retroperi- 
toneal cysts, especially those connected with the pancreas, as well as the 
dermoid cysts, i eti opei itoneal excision is exceedingly difficult At times ex- 
cision can be accomplished in two stages, if a one-stage procedure is not possi- 
ble, 1 e , aftei partial excision and marsupialization, oi the shi inking of the 
cyst and its sui rounding vessels, the remains of the cyst can be removed by a 
second operation Doctor Whipple said he had done this m two cases whei e it 
was impossible to consider excision 

Othei possible pi ocedures ai e partial excision with marsupialization , mai - 
supiahzation, when it is the only method possible, with the employment later 
of a sclerosing solution , for the deep-seated cysts, drainage, and later the in- 
jection of sclerosing fluid , and anastomosis of the cyst wall to the stomach or 
the jejunum, as has been done in several instances of panel eatic cysts Doctor 
Whipple said he had peifoimed an anastomosis between the cyst and the 
stomach m a case of cyst of the pancieas 

Dr Thomas H Russell (New Yoik) described two cases of mesenteric 
cyst which he had recently encountered One followed trauma It was a 
compensation case about which Doctor Russell stated in his report to the 
insurance company that he did not know whether tiauma had anything to do 
with it or not The company took it for granted that it was due to trauma 
and settled The cyst was the size of a small orange and was fieely movable 
The patient had both kidneys of the wandering type, particularly on the left 
side, and Doctor Russell took the cyst to be a left kidney He approached it 
through a loin incision but the kidney did not have the degiee of mobility he 
expected He deliveied a laige cyst which he was able to dissect free fiom 
the mesentery The patient’s chief complaint was pain in the back, which 
Doctor Russell had attributed to the kidneys lather than to a cyst The pa- 
tient was entirely leheved 

The second case occuiied m a man, in the sixties, who had had his leg 
amputated foi an epithelioma of the foot that would not heal He had a mass 
that could be shifted all around the light side of the abdomen The chief com- 
plaints were obstiuction and ciamp-like pains Shoitly aftei being discharged 
fiom the hospital following the amputation of his leg, he was readmitted foi 
intestinal obstiuction The i oentgenographic leport was that of a mass, pos- 
sibly a neoplasm of the sigmoid Doctoi Eggei s was prepared to opeiate when 
the mass suddenly disappeared The patient was discharged, but returned 
several weeks latei with a recurrence of the mass Doctor Russell opened the 
abdomen and found a cyst involving the lower pait of the ileum and sigmoid 
onl)’’ An ileotransverse colostomy was pei foi med because the man’s condition 
was not veiy good, intending later to lemove it The cyst seemed to be in the 
wall of the cecum and produced obsti uction The ileum was markedl)'^ dilated 
Aftei the patient left the operating room he ceased to breathe for one hour 
and 15 minutes, duiing all of which time Doctoi Peterson treated him by 
ai tificial respiration The patient recovei ed The cyst again disappeared, and 
he vas discharged The second-stage opeiation has not yet been undertaken 

Dr John C A Gerster (closing) lecalled that sclerosing solutions after 
marsupialization were much in vogue 111 the early cases Modern solutions 
are more effective and less dangeious He called attention to the fact that 
Doctor Russell’s cases were both of mesenfci ic chyle cysts, of which there are 
450 to 500 repoited in the literatuie A most careful seaich has failed to 
disclose more than 16 to 18 ; cti opci itoneal chyle cysts The scope of the paper 
did not permit consideration of viesentci ic chyle cysts 
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INTESTINAL OBSTRUCTION 


AN EXPERIMENTAL INVESTIGATION 

Jacob Fine, M D , Louis Rosenfeld, M D , and Samuel Gendel, M D 

Boston, Mass 

FHOM THE SUBGICAL LABORATORIES, BETH ISRAEL HOSPITAL, AND THE DPPARTMEVT OP SURGERA, HARVARD MEDICAL 

BCUOOL, BOSTON, MASS 

Among the numerous factors which have been consideied significant in 
tlie death fiom acute intestinal obstruction, the neivous system has lieen 
alluded to lecently by Henm and Meek^ and by Taylor, Weld and Hai- 
iison~ These investigators claim to have pioloiiged the survival time of 
dogs, dying from distention of intestinal loops, by cleneivation of the adjoin- 
ing mesenteiy The renewed impetus lecently given to the nervous element 
in tiaumatic shock (O’Shaughnessy,'* Fieeman'^), to which the prelethal 
stage of intestinal obstiuction has been compaied (Moon^j, perhaps adds 
weight to the need of fuither appiaisal of this aspect of the condition An 
expeiimental technic, which we believe peimits a moie ciucial evaluation 
of the adveise effects of neivous stimulation m acute intestinal distention 
than IS possible by the method of Henm and Meek or of Taylor, Weld and 
Haiiison, was utilized in the work which forms the basis of this communica- 
tion 

Method Employed — The celiac ganglion and all the splanchnic neives 
01 the subdiaphiagmatic vagus nerves, oi both, were resected in the cat (The 
adequacy of the resection was confirmed by postmortem examination m all 
instances ) Seveial days or weeks latei, when the animal was fully recoveied, 
the empty small intestine (? e , the cat had been allowed only water foi the 
piecedmg 24 hours) was ligated, under ether anesthesia, at the pyloius and the 
ileocecal valve and a glass cannula leading horn a Perusse bottle tied securely 
into the teiminal ileum The abdomen was closed around the cannula and 
the animal allowed to recover fiom the anesthetic The entiie small intestine 
was then inflated with an which was maintained at a constant intialummal 
piesstue The level of piessuie, which vaiied m different gioups of animals 
fiom 100 to 800 Mm of watei piessuie, ivas established gradually by mci eas- 
ing mciements of 100 Mm of piessuie every hour At the termination of the 
expeiiment upon the death of the animal, the suivival time, the fluid content 
of the stomach, intestine and peiitoneal cavity and the condition of the bow^el 
wall were obseived (37 expeiiments) and compaied with corresponding con- 
trol animals which had not been denervated (25 experiments) and othei con- 
tiol animals which were neither distended noi deneivated (6 experiments) 

Five of a senes of 10 clogs Mere subjected to spinal cord transection at the 
fourth to the fifth dot sal segment Three to five days latei, \Mthout further 
denervation, they weie distended in the same maniiei as the cats The same 
Submitted for publication Februarj 15, 1939 
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■volume 110 INTESTINAL OBSTRUCTION 

Number 3 

data were obtained fiom these animals as from the cats and compaied with 
those from five othei dogs which were neither deneivated nor had their spinal 

cords transected 

Results — (A) Effect of Deneivahon on Snivival Time In Chait i the 
survival times of the various gi oups of cats have been plotted against the levels 
of intia-intestmal piessuie From these data it appears (i) That the sur- 
■vival time is inveisely piopoitional to the height of the intra-intestinal pres- 



Chart I — A comparison of the survival times of cats, with and without denervation 
of the gastro intestinal tract, in which the entire small intestine, ligated at both ends, 
as as continuously inflated at sarious levels of intraluminal pressure 

suie, (2) that complete deneivation of the small intestine by resection of the 
celiac ganglion, with or without bilateral vagotomy, does not prevent or delay 
the death of the animal fiom distention 

It IS fuithermore apparent that paiasympathetic deneivation (bilateral sub- 
diaphiagmatic vagotomy) does not prevent death or substantially minimize 
the lethal effect of distention The lesults obtained in dogs whose spinal coids 
weie transected at the fourth to the fifth dorsal segments make it clear that 
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sympathetic denervation also does not delay the extremely rapid death of dogs 
from distention (Chart 2) 

(B) Effect of Denovation on Fluid Accumulation m the Intestine and 
Pentoncal Cavity In Table I, the total fluid content of the small intestine and 
of the peiitoneal cavity has been tabulated under the various experimental con- 
ditions studied The average fluid content of the small intestine of undistended 
control animals at the time of death is 46 cc When the intestine is subjected 
to continuous distention pressures of 100, 200, 400, 600 or 800 Mni of water 



/}iirarI}iiestLncd Pressure /n MM Of IVafer 


Chart 2 — A comparison of the survival times of dogs with and without spinal 
cord transection in which the entire small intestine ligated at both ends, was 
continuously inflated at various levels of intraluminal pressure 

until death results, the corresponding average fluid volumes are 25, 45, 26, 31 
and II cc , respectively, m the undenervated animals, and 43, 42, 43, 35 and 
14 cc, respectively, in the deneivated animals These figures do not sub- 
stantiate the prevailing opinion that fluid accumulation m the intestine is 
caused by an increase of intra-intestmal pressure Nor do they indicate that 
the extrinsic nerve supply substantially influences the fluid production in the 
small intestine of cats dying from acute distention of the entire small bowel 
In a previous paper,® evidence was presented that the loss of plasma into 
the peritoneal cavity incidental to gaseous distention of the intestine vas in- 
sufficient fiei sc, or in combination with the fluid loss into the bouel vail and 
lumen, to constitute a primar}' mechanism m the death from distention Cor- 
responding data from similar experiments in animals vith various types of 
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bowel deneivation show no substantial diffeience in the results (Table I) 
Discussion — ^In the continuing search foi the cause of death fiom intestinal 
obstiuction a variety of agents have been demonstrated which clearly contiib- 
ute to the lethal result But no single pathogenic factoi has as yet been 
demonsti ated to be piesent and operative in a/l types of obstiuction and which 
pci sc can account foi the death The revival of the neurogenic theoiy, for 
furthei elucidation of the cause of death, leceives no confiimatoiy suppoit 
from the expeiinients herewith reported The deneivation expeiiments of 
Tayloi, Weld and Haiiison, who used a nonobstiucting balloon in the iippei 
jejunum, led them to conclude that their animals weie rendeied immune to 
the effects of distention because of a piolongation of the survival time from an 
aveiage of 29 hours to one of 75 houis, at which time the animals succumbed to 
peiitomtis The expeiimental conditions utilized are not compaiable to those 
pi evading m mechanical obstiuction and the adverse effects usually associated 
with obsti uction wei e not obsei ved Herrin and Meek noted beneficial effects 
fiom denervation of Thiry-Vella loops m dogs whose gastio-mtestmal tract had 
been leconstituted Heie, too, the experimental set-up can be 1 elated to 
obstiuction only in lespect to the piesence of a painful stimulus producing 
anoiexia and a loss of watei and electrolytes The extreme degiee of disten- 
tion piessuie (650-1300 Mm water) used m the experiments of these inves- 
tigators^’ ^ was far in excess of that which is obsei ved m man and presumably 
caused extreme pain 111 the undenervated dogs Their death is concervably 
attributable to a state of shock produced by the neuiogenic mechanism (pro- 
longed sympathetic stimulation) desciibed by Freeman and implied 111 the 
expeiiments of O’Shaughnessy Shock, to be sure, appears m the pielethal 
stages of expeiimental and clinical mechanical obstruction and, to the extent 
to which the neuiogenic factor operates so as to add to othei existing burdens, 
it may not be ignoied In the light of our expeiiments, however, obliteration 
of a neurogenic type of shock will not pi event rapid death in obstiuction 

Biaun and Boiiutavff postulated a neurogenic etiology for the death 111 
obstruction, according to which noxious stimuli reached the biain and pioduced 
failuie of vasomotoi and other vital centers In evidence, they piesented 
obsei vations of a fall in blood piessure m animals with sti angulation obstruc- 
tion Continuous tracings of the blood piessure cuive in a consideiable 
numbei of oui expeiiments with simple closed loop obstiuction showed a 
sustained blood piessure until veiy shortly before death 

Shock due to othei than neurogenic causes may be a significant and per- 
haps all impoitant factor m simple obstiuction Expeiiments now in progiess 
indicate that the loss of plasma volume, a piimaiy featme of shock, may be 
alone sufficient to cause death, and that tins loss of plasma may occur in the 
absence of dehydration 01 loss of electrolytes by vomiting, and m the absence 

of significant fluid losses into the bowel lumen, bowel wall and peritoneal 
cavity 

Death fiom distention, m our experiments, occur led m the absence of a 
notable loss of fluids and electiolytes into the stomach, bowel wall and lumen 
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or peritoneal cavity whethei or not the gasti o-intestmal tract had been depiived 
of its extrinsic neive supply In both groups the stomach was usually found 
empty and the fluid m the bowel lumen, bowel wall and peiitoneal cavity did 
not exceed the values found in the undistended controls m amounts sufficient 
to explain the rapid death from distention 

The conflicting data m the literature as to the relative importance of the 
vaiious lethal factors involved m obstruction arise from the extremely selective 
conditions of many of the expeiimental technics The use by so many in- 
vestigatois of a high jejunal or duodenal closed loop, by focusing exaggerated 
attention on one phase of the processes involved, blurs the picture of the 
balance of forces usually operating in clinical mechanical obstruction, where 
one is usually dealing not only with secretory loops, but with absorptive loops 
in continuity with them Absorption in the jejuno-ileum, if hindered by in- 
creased mtialuminal tension, is not, therefore, to be dismissed as not operating 
at all to counterbalance the activity of the higher secretoiy loops Conse- 
quently we consider the data from oui experiments, utilizing the whole small 
intestine, as a closer approximation to the facts than the data from the use 
of small segments possessing a restricted function 

CONCLUSIONS 

The survival time of cats with obstruction and gaseous distention of the 
small intestine is inversely proportional to the level of the pressure in the lumen 
of the bowel Preliminary exclusion of the extrinsic nerve supply of the gastro- 
intestinal tract does not influence the suivival time of such animals 

Fluid accumulation in the intestinal lumen, bowel wall and peritoneal cavity 
in these animals is not sufficient to account for their lapid death Extrinsic 
denervation of the gastro-mtestmal tract does not significantly alter the fluid 
volume in the intestine or peritoneal cavit}'- 
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Rochester, Minn 

The flexion deformity of the wust and fingers lesultiiig from conti action 
and fibrosis of the flexoi muscles of the foieaim is known as Volkmann s 
ischemic conti acture Affecting children and occuiimg as a complication of 
fiactuies of the lowei end of the humeius, it lesults in peimaiient paitial oi 
total disability when once it becomes established, despite the most expeit 
suigical and physical treatment 

It IS of interest to note that m the ai tides and leports of cases published 
since the oiiginal lepoit of Volkmann in 1869, no author has claimed a cei- 
tain method of cuie While there has been some difiference of opinion in 
the past as to the factors involved in the pioduction of the contractuie, we 
believe that the etiology is now better understood and that means of prevention 
aie available 

It is only thiough the use of conseivative sti etching and surgical methods 
that benefit can be obtained in the tieatment of long-standing Volkniann’s 
contracture Without physical theiapy, little can be accomplished In every 
case of ischemic contracture, whethei opeiation is peifoimed 01 not, physical 
therapy is the gieatest aid in recovery of a useful extiemity In consxdei- 
ing the use of physical measuies in the treatment of Volkmann’s ischemic 
conti actuie, one is impiessed with the paucity of information on this par- 
ticulai phase of tieatment In a papei published in 1930, one of us (Meyer- 
ding’’’) pointed out that the value of physical therapy cannot be overemphasized 
and that it should be continued for a consideiable period of time 

At The Mayo Clime a senes of 182 cases of Volkmann’s ischemic con- 
ti acture has been observed ® In cases of fractui e of the lower end of the 
humeius the factois leading to the production of Volkmann’s ischemic con- 
ti actuie aie as follows The foice which bieaks off the lower fragment car- 
iies the condyles backwaid and stiips the periosteum away fiom the posterior 
surface of the pioximal fragment, this space piomptly filling with blood 
The lower end of the pioximal fiagment is earned forward and downward, 
pieicing the periosteum and forcing its way against the soft tissues, blood 
ressels and neives become compiessed and hemoirhage mfiltiates the ante- 
cubital spaces and, if severe, as from a ruptured arteiy, forces its way into 
the foieaim N eives may be severed and paialysis may be noted before 

*Read before the meeting of the Western Section, American Congress of Physical 
Thcrapj, Los Angeles, Calif, June g, 1938 Submitted for publication September 9, 1938. 
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theie has been time foi an ischemia to develop Undue loughness or lack 
of skill in handling may aggiavate the injuiy and inciease pressuie already 
present Muscle-pull holds the ovei lapping bones in malposition, this further 
impairs circulation in the foreaim 

The extent of injury up to this time depends on the type of fracture and 
local injtiiy to soft tissues Figuie la shows Volkmann’s ischemic contrac- 
tuie of the left foiearm of a boy, age 19 The contiacture had been present 
for ten years and had followed an injtiiy to the elbow At the time of the 
injury a tight bandage had been applied, this had been left in place foi one 
week The patient had had severe pain following the application of this 
bandage No treatment was given at the clinic Figure ib shows Volk- 
mann’s ischemic contiacture of the left forearm of a boy, age 8 The con- 
tracture, which had followed a supi acondylar fiactine, had occurred six 
months before the patient was brought to the clinic At the time of the 
fracture the aim had been placed in a position of acute flexion, and adhesive 
tape and bandages had been applied The patient had complained of severe 
pain following this treatment but the splint bad been left on the arm for 
five weeks An operation had been peifoinied to fiee adhesions about the 
elbow Tieatment at the clinic consisted of the application of a Jones splint 
and the use of physical theiapy This treatment pioduced impiovement 
Figure ic shows Volkmann’s ischemic contractuie of the left forearm of a 
man, age 20 The contiactuie had occuired aftei a supi acondylai fracture, 
eight years before the patient came to the clinic At the clinic treatment 
consisted of lengthening of the tendons, manipulation and arthiodesis of the 
wiist, and the subsequent use of physical therapy The lesult was excellent, 
the patient was able to work and he could hold objects in his hand and use 
It If the fractuie is not reduced, the lesult may be malunion with a rather 
good functional result in the foreaim and some limitation of motion in the 
elbow Should arteiial hemorihage be unchecked, venous flow is interfered 
with by the development of a subfascial hematoma, distention, tenderness 
and induration of the antecubital space, and pain, cyanosis, and loss of pulse 
and numbness take place The aim becomes cold and blue, the pulse is absent, 
blebs appeal on the skin, intense pain occurs, and, unless intrinsic piessure 
IS relieved contiactuie will take place In a matter ot a few houis, not days 
or weeks, the injury to the muscle fibeis has occuiied In the presence of 
mduiation m the antecubital space, the fiist effoit should be devoted to re- 
lieving the intrinsic pressure rathei than reducing the fiactuie Excellent 
results are usually obtained m uncomplicated supi acondylar fiactures which 
have been treated immediately by accurate reduction and retention 111 a 
position of flexion Repeated observations of the color of the hand and of 
the volume of the pulse should be made lest an uniecognized hemorrhage 
appear and impair circulation The position of the fragments should be 
checked to be sure displacement has not occurred 

Malunion occurs m 40 per cent of cases 111 which a fiacture is associated 
with ischemic contracture In many instances the displacement occurs dur- 
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mg attempts to relieve pam and swelling by leleasing the letentive diessing 
Holding the fracture in acute flexion cuts off circulation and it should be 
insisted upon that the patient assume the recumbent position, the foieaim 
should be suspended foi a few days until i eduction can be accomplished inoie 
safely An airplane splint is excellent for ambulatory patients Patients 
should not be peimitted to be up and about with aims swollen and cyanotic 
and hanging at their sides If the patient is seen at a time when the ante- 
cubital space IS distended and tender and the pulse is faint and the skin is 
bluish-red m coloi and there is gieat pam, all diessmgs should be removed 
and the arm should be elevated on pillows with the elbow extended beyond a 
light angle Waim, but not hot, moist dressings should then be applied If 
within the next houi the swelling mci eases and the pulse is absent, the con- 
dition should be consideied serious and prepaiation should be made foi sui 



Fig 1 — ^Volktnann’s ischermc contracture, (a) of left forearm of male patient, age 19, (b) of left 
forearm of a bo>, age S, (c) of left forearm of a man, age 20 


gical intervention In such cases the stage is set for the production of an 
ischemic contracture Occasionally, such cases aie seen after seveial manipu- 
lations have been performed and consideiable time has mteivened since the 
fiacture The arm is then distended to such an extent as to demand imme- 
diate relief thiough sui gical measures 

Skeletal ti action, by means of a Kirschnei wire through the olecranon, is 
an excellent method of correcting malposition of the fragments and should 
not, III certain cases, be ovei looked as a useful aid, either as a preliminary to 
exploration of the hematoma oi after caieful opeiative inspection of the 
biachiai aitei}'’ and median neive Fiee incision ovei the hematoma and 
thiough the deep fascia libeiates muscle tissue and blood which have been 
under tension An incision mesial to the biceps peimits the bicipital fascia 
to be divided close to the tendon, and the arteiy, vein and nerve can readily 
be inspected Complete lupture of the brachial artery has been observed as 
well as paitial or complete severance of the neive The deep fascia orer the 
foreaim maj lequire division, and this may be done subcutaneously by means 
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of a special knife The fracture may be reduced and internal fixation used 
by means of bone screws or Kirschner wire The entire arm is then enclosed 
in a large, moist alcohol and boric acid diessmg and is suspended m abduc- 
tion If the preventive measuies described have been followed, one is in a 
position to meet the complications following supracondylar fractures and to 
prevent many of the disastrous complications of ischemic contracture 



Fig 2 — Economical method of splinlagre by means of ordinary wooden tongue 
depressors (a) typical Volhmann’s contracture, (b) tongue depressors used as splints 
to extend the fingers, (c) tongue depressors used as splints to extend metacarpo 
phalangeal joints as well as the fingers, (d) long wooden splints used to extend 
the wrist and hand The splints are padded with a thin lajer of felt and are 
loosely retained in position bj circular bands of adhesiie tape 


Conservative Treatment or Volkmann’s Ischemic Contracture—- 
Volkmanu’s ischemic contiacture ma)^ occur in a few hours, and the earlier 
treatment is begun, the better will be the results After relief of intrinsic pres- 
sure, no time should be lost in attempting gradual extension of the involved 
muscles During the early stages, m the piesence of edema and clots, heat 
and massage aid the absorption Aftei the deformity has been present foi days 
or weeks, beat, massage, and gradual extension by splints are prefeiable, as 
by this time clots and swelling are subsiding 

Splints are first used to extend the fingers, and later they are employed 
continuously to extend the fingers and wrist when physical therapy is not 
being administered ^ There has been considerable progress in conservative 
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tieatment- since the geneial acceptance of the method of Sir Roheit Jones, 
which consists in the gradual, continued stretching of the conti acted tissues 
This method should be undertaken during the acute stage, which lasts foi 
about a week If the patient is not seen foi weeks or months aftei the onset 
of the conti actuie, plastic operative measures on the soft structures or plastic 
proceduies on the bones must be considered In cases m which the conti ac- 
tuie IS seveie, opeiation may be the only means of conectmg the deformity 
and postopeiative physical theiapy then allows further improvement In all 
cases individual conseivative tieatment (that is, physical therapy) is applied 
at the same time, either without operative intervention if the patient is seen 
dm mg the fiist week, oi possibly following opeiative tieatment if he is seen 
latei With Sii Robeit Jones’ method the wiist is passively flexed to allow 
the fingeis to extend and each Anger is stiapped m the extended position 
means of a small gutter-sphnt or by means of an ordinal y tongue depiessoi 
The patient thereaftei immediately attempts systematic extension of the meta- 
cai pophalangeal joints which aie contracted (Fig 2) 

In a few days the joints usually stietch sufficiently to allow the applica- 
tion of longer splints, which extend to the wiist The wrist is still allowed 
to remain flexed and eithei a flat metal splint 01 a thin boxwood splint is 
used to flatten both the hand and finger The wiist is then extended a little 
farther each day and held fixed m the corrected position Once the finger and 
metacarpophalangeal joints aie stiaightened, one may use a molded palmar 
and foreaim splint with a hinge at the wiist to assist m the dorsiflexion of 
the wrist Occasionally splints which have extension arms and which are 
fitted with elastic bands that will produce elastic ti action may be employed to 
advantage In some instances a banjo splint used with lubber bands fastened 
to adhesive tape on the fingers pei mits the fingei s to be exercised at all times 
and IS most efficient Such a splint is inexpensive and can be made in a few 
minutes (Fig 3) It has been pointed out by Jones and Lovett^ that as the 
conti actuie yields to this mechanical tieatment the hand improves greatly m 
function, the circulation improves, and the fingeis often show a return of 
voluntaiy powei However, if the ischemia has caused complete obliteration 
of tbe muscle fibeis, it is obvious that good function cannot be obtained 
Nevertheless, patients are most grateful for relief from the claw deformity 
which is so conspicuous The splinting should always be combined with the 
use of radiant heat, conti ast baths, gentle massage, and in some instances with 
electric stimulation of the muscles The first few tieatnients may consist of 
applications of radiant heat 01 whirlpool baths combined with light massage 
The splints maj'^ soon be adjusted and worn dm mg the intervals between 
tieatmeuts, howevei, motion may be augmented by gentle passive movements 
and occasionally by electi ic stimulation We ustiallj^ rely, principally, on heat 
and massage as aids to giadual stretching, and do not believe that painful 
assistne motion or forceful manipulation under anesthesia is advisable 

Splints ^In addition to the methods of splinting which have been men- 
tioned, Milled*^ has described a splint nhich was constructed especially for 
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the treatment of Volkmann’s contractures This is a modification of the famil- 
ial banjo splint and closely lesembles the splint described by Howitt"* for 
coriection of defoimities of the hand m the treatment of atiophic arthritis 
Howitt’s splint in tuin is a modification of the splint described by Kahlmeter 
Milici’s modification of tbe banjo splint foi tieatment of Volkmann’s contrac- 
tme IS characterized by the fact that it has a hinge at the wrist joint with a 
removable pm, which permits separation of the two parts of the splint At 
the wrist the two parts of the splint have, on either side, a groove through 



) 

a . . 

Fig 3 — Banjo splint used to maintain extension of the fingers and ^^^lst splint is held bj ad 
hesive tane attached to the fingers and connected to the splint b> rubber bands, this splint mav be 
adjusted to \arious positions, is economical and permits actne mo\cnient of the fingers, it can be 
easily applied by any phjsician, (a) dorsal Mew, (b) palmar view 


which a small metal lod can be inserted in such a mannei that the distal part 
of the splint can be immobilized to any desiied degiee of doisiflexion b) 
simply bending the lod Milici lecommended that traction be made on tbe 
fingers by attaching them to the ring of the banjo splint by means of the so- 
called Japanese finger-traps (small tubes of soft stiaw which cling to the 
finger when it is inserted m one end of the tube and ti action made on the op- 
posite end) These finger-tiaps have been made chiefly as tuck toys In our 
opinion, they are not as satisfactory as adhesive tape, since they slip off the 
fingeis too readily We prefei straight, padded tongue depressors foi exten- 
sion of the phalanges and thin, padded boxwood splints for extension of the 
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metacai pophalangeal joints and flattening of the hand Theieafter, in most 
instances we use a molded palmar and foieaim splint (with a hinge joint at 
the wiist and with arms foi elastic ti action), or occasionally use a modified 
banjo splint 

Heat — In conjunction with splinting, the use of othei physical measuies 
has never been sufficiently stiessed It seems wise to lemove the splint once 
each day, in older that the other physical measures may be applied Heat 
from a luminous souice (such as a U-shaped baker containing six or eight 
6o watt tungsten oi caibon filament lamps, placed diiectly ovei the elbow, 
foieaim, and hand, or a 250 watt gas-filled tungsten lamp in a cup-shaped le- 
flector, placed at a distance of two feet [61 cm ] from the elbow, foieaim and 
hand) should be applied foi 20 to 30 minutes Even bettei, the whole aim 
may be immeised for a peiiod of half an hour in a whirlpool bath, which is a 
bath of whirling, aerated water kept constantly at a temperatuie of 110° F 

The latter method of applying heat seems most efficacious, as the mechani- 
cal effect of the whulmg, aerated watei appaiently aids m the production of 
a peiipheial hypeieniia and seems to pioduce a lelaxmg action on the muscu- 
latuie by its gentle massaging effect However, any one of the methods of 
applying heat, which have been mentioned, may be employed as a pi eliminary 
to the massage and manipulation which should be used befoie reapplication 
of the splint If regions of anesthesia are piesent, heat should be applied 
with due caution to pi event bums 

Massage — Massage, pioperly applied, starting with light effleurage (strok- 
ing) and progressing to deepei petiissage (kneading) and to friction (a 
cnculai, lolling motion to loosen scar tissue and adhesions), may be applied 
by skilled hands In the treatment of Volkmann’s ischemic contiactuie, the 
time to be consumed by such massage will usually be about ten minutes 
Mennell® states “Massage tieatinent is constantly lecommended as a lemedy 
for ischemic contiacture It is a slow and tedious affair and cannot be com- 
paied in efficacy or lapidity with tieatment by splintage But theie is little 
doubt that massage can hasten the recovery when splintage is used It 
should be applied whenevei the splint is altered 01 leadjusted in any way” 
Great caie should be taken not to allow the stiuctuies that have been kept m 
a state of tension by the splint to contiact appreciably during the treatment 
At the same time, it is wise to see that flexion is fully maintained whenevei 
treatments aie adnnnisteied 

Mampulation — Manipulation may be earned out for the most part manu- 
ally Occasionally, as mentioned by Jones and Lovett, electiic stimulation may 
be employed Clinicians have, as a lule, been slow to apply the principles of 
mechanoelectiic stimulation of muscles which weie laid down by physiologists 
years ago There ai e available, in most well equipped hospital physical therapy 
departments, devices which will geneiate a smooth, not unpleasant, sinus- 
oidal curient that will pioduce ihythmic conti actions of muscles m such a 
way that atiophy is combated to a slight degree, and deep massage and im- 
pioved ciiculatioii aie pioduced When voluntaiy muscular action is present, 
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such stimulation is not necessaiy, but when a patient cannot, oi will not, 
move the involved muscles, such electi ic stimulation may pi ove of some value 
If a sinusoidal appaiatus is not available, a simple, small faiadic coil can be 
utilized which may pi ove to be a fan substitute in the few cases of Volkmann’s 
ischemic contiactuie m which electric stimulation may be lequired If electric 
stimulation is deemed advisable, the time consumed will usually be about five 
minutes, and sufficient cuiient should be used to pioduce lather stiong 
ihythmic contractions of the muscles Such electric stimulation of atiophied 
muscles should always be given within the limits of fatigue Fatigue is indi- 
cated by slowing of the muscle’s response to the electi ic stimulus At the first 
sign of such slowing of musculai conti action, treatment of that particular 
muscle, or gi oup of muscles, should be stopped at once 

Finally, manual manipulation of tbe affected aim and hand should be 
perfoimed This should consist of passive movements and active assistive 
exercises Coultei and Molandei^ have said “The chief aim of passive move- 
ment IS to maintain suppleness and by so doing to pi event conti actures and 
the foimation of definite adhesions oi the general matting of soft tissue In 
this manner passive exeicise of muscles piepaies them for active movement 
Sti etching of conti actures and old adhesions in chionic conditions should not 
be confused with passive movement The object of sti etching is to loosen 
conti acted ligaments, muscles and adhesions in stiff joints The technic 
of such a pioceduie should be a slow, steady and giadually increasing pull by 
the opeiatoi oi with giadually inci easing weights Joint soreness may be 
produced by such a manipulation, and a shoit application of heat with light 
massage will help mateiially m making the patient comfoi table As a lule, 
any pain that passes off in an houi is not detiimental to the final success of 
the treatment If theie is an mciease of swelling and pain or the lange of 
motion is less the next day, too much has been attempted The angle of move- 
ment should always be lecoided by using a goniometei, and nevei estimated 
by the eye of the operatoi ” 

While continuing caieful sti etching of the conti acted muscles, the opeia- 
toi should piogiess as lapidly as possible to the stage of active assistive exer- 
cise (exercise in which the patient makes the voluntaiy effoit to move the 
affected pait and is aided m fuithei motion by tbe opeiatoi ) As the patient’s 
condition improves, active motions will become moie and more established, 
and the assistive phase will dimmish Specifically, in the treatment of Volk- 
mann’s ischemic contractuie the opeiatoi should attempt each day, dining 
the time that the splint is off, to cany as neaily as possible each involved 
joint thiough its normal lange of motion, beaiing in mind the piecautions 
just mentioned The elbow, wiist, and fingei joints should each be earned 
slowly through one single arc of motion A single slow movement thiough 
the entile possible range of movement of the joint is much to be piefeired 
to a senes of short, jeiky movements thiough a smaller lange 

It should be remembeied that Jones and Lovett stiessed the impoitance 
of maintaining supination of the wnst, and the operator should direct espe- 
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cial attention to supination and pionation of the wrist as well as to extension 
and flexion 

The time to be consumed by manual manipulations in this paiticular dis- 
ease will be appioximately five minutes 

Finally, if and when function has been sufficiently lestoied, active exercise 
in the foim of occupational theiapy may be instituted In Volkmann’s 
ischemic contiactuie, thiee foims of occupational theiapy are particulaily 
indicated (i) Foi the fingeis, use of the hand loom, weaving, or basketry, 
(2) foi the wiist, block pimtmg, and (3) foi the elbow, the use of a laige 
floor loom, the affected aim being flexed and extended while at woik with 
the beatei of the loom 


SUMMARY 

Volkmann’s ischemic contiactuie is usually associated with supi acondylai 
fiactuies which have been tieated by placing the aim in acute flexion In 
the piesence of swelling and hemoiihage, acute flexion tends to inipaii circu- 
lation by inci easing pi essui e in the antecubital space, even though the fi acture 
has been 1 educed Reduction of the fiactuie may be deferred for several days, 
the treatment being diiected to the caie of the injuiy to the soft paits in oidei 
to preseive function Elevation of the arm hastens the lelief of swelling when 
the patient is in the lecumbent position, and abduction on an an plane splint 
IS most beneficial when the patient is ambulatory Incision and diainage of 
laige hematomata may be indicated Reduction and internal fixation of the 
fiactuie following lemoval of blood clots aie advisable and are useful measures 
in pi eventing impaiied cnculation Prevention of an ischemic contiactuie is 
possible 111 many instances piovided the patient is seen in time and the utmost 
caie IS used to combat injuiy fiom ciiculatoiy stasis Conseivative methods of 
treatment such as the sti etching method advised by Sii Robeit Jones, that is, 
constant sti etching with propei splints in conjunction with heat, massage and 
piopei manipulation, produce the best lesults m cases in which the condition 
IS recognized befoie extensive mjuiy to soft tissue and malunion have occuired 
Seveie defoimities of long standing also lequiie suigical inteivention which 
IS then followed by physical tieatment Intrinsic or extrinsic pi essui e from 
vaiious causes cuts off the venous blood flow but peimits some arterial flow 
The formation of blood clots lesults in sufficient pressure to cause an ischemic 
paialysis Placing the arm in acute flexion, malposition of fiagments, 01 
piessure (of bandages, splints 01 casts) may be a contributory factor in im- 
pairing the cii dilation and pioducmg a hematoma and a subsequent Volk- 
mann’s conti acture We lecognize the gieat value of physical therapy in the 
tieatment of Volkmann’s ischemic contiactuie and employ it with satisfactory 
results 111 practically all of oui cases, whether suigical treatment has been 
cai 1 led out 01 not 
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Multiple myeloma with its hopeless piogiiosis is a familiar disease 
Solitaiy myeloma of bone, however, with its more favorable prognosis, is 
not so well known or so leadily lecognized Observations on this disease 
have multiplied during the past few years and it seems to be fan ly well, if not 
finally, established that it is a distinct and important clinical and pathologic 
entity, to which a relatively recent editonaP called attention 

A ciitical leview of the liteiature disclosed that some of the recorded cases 
of a single myeloma of bone are not well authenticated To substantiate a 
diagnosis of sohtaiy medullaiy myeloma, the following proofs are indis- 
pensable ( i ) Histologic examination of the tumor by a competent pathologist 
(2) Either caieful roentgenologic examination of the entire skeleton or com- 
plete and thorough necropsy It is realized that occasionally bones may con- 
tain histologically demonstrable foci of myeloma which weie not evident m 
the roentgenogram However, sooner 01 later such foci do become roent- 
genologically demonstrable 

On the basis of these criteria, 30 cases of solitary myeloma, with and with- 
out subsequent generalization of the disease, have been collected fiom the 
literature An analysis of these cases and a new case, that has been under 
observation for seven and one-half years, are piesented 

Case Report — J F , male, white, age 46, seaman, was admitted to U S Marine 
Hospital, New Orleans, October 10, 1936, complaining of swelling, stiffness, and pain 
in the left shoulder In November, 1929, the patient fell and sustained an injury to the 
left shoulder On January 10, 1930, while fighting, his arm “just dropped” and his 
left shoulder became very painful He entered a hospital January ii, 1930, where a 
diagnosis of a pathologic fracture of the left humeral neck was made, which was verified 
roentgenologically Manipulation was undertaken and a Thomas splint applied Roent- 
genograms on January 23 and 30 showed displacement of the fragments and callus 
formation Reexamination of the films on Februarj'- 4, 1930, resulted in the opinion 
that this was a “pathologic fracture occurring in an area with destruction, probably due 
to endothelioma ” High voltage radiation was prescribed Roentgenograms, February 14, 
1930, showed no evidence of malignant metastases to other bones of the skeleton 

* Approved by the Bureau of the United States Public Health Service, June 10, 1938 
Submitted for publication August 20, 1938 
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Subsequent roentgenologic examinations showed Marcli 3, 1930 "Considerable 
new callus formation with practically complete union of the fragments The head of 
the humeius is a little more dense than on the previous examination There is consider- 
able spotty decalcification of the uppei two-thirds of the humeral shaft This is probablj 
due to extension of the tumor ” Moi c radiation therap\ w as jirescnbed 

March 31, 1930 “Considerable new' callus formation since previous examination 
Bony union is practicall> complete T. here has been no extension of the jirocess ” 

April 10, 1930 "There is further legeneration of bone” 

In all, five deep roentgen rai treatments were administered The patient resumed 
his duties as a seaman and worked until December, 1934, when he fell and again injured 
his left shoulder He was admitted to a hospital December 26, 1934 He was told 
that he liad a bone c\st and was guen out-patient treatment until April 4, 1935 He 
continued to w'ork but w'lth increasing difliciiltj In August, 1936, he entered a hospital 






i 


f 

t 



Tic I — Roentgenognm of the left luimcru>: showing bone dislruction 
tnheculntion ^n(l corticil cspnnsion Roentgenologic Dngnosis Gnnt cell 
tumor Histologic Dngnosis PHsnn cell iiijtlonn 


because of considerable sw'elhng of the shoulder, and was transferred to the U S Itlarme 
Hospital, New Orleans, October 10, 1938, for further studv and treatment 

Physical Examination — The patient appeared well, although he had lost about 20 
pounds of weight There w'as a rounded enlargement of the upper end of the left 
humerus The sw’elhng was regular and fairlj sjmmetrical It w'as firm and oiilj 
slightly tender The muscles of the left arm and shoulder girdle showed marked atropln 
Shoulder movements w'ere markedly limited, apparently due to complete fixation of the 
scapulohumeral joint Roentgenologic Diagnosis Giant cell tumor of head of humerus 
(Fig i) Repeated examinations of the urine showed no Bence-Jones protein or 
other abnormalities Examination of the blood show'ed no abnormal hematologic find- 
ings Wassermann and Kahn tests were negative 

Opciation — Upper end of humerus was resected November 4, 1936 
Pathologic Examination — Gioss The specimen consists of the proximal end of 
the humerus at the surgical neck It is expanded into a pyriform swelling measuring 
8 cm in its greatest diameter It is elastic and crackles and crunches on pressure The 
periosteum bulges In some areas it is thin and in others it is considerably overgrown 
by old fibrous tissue The articular cartilage is torn and elevated at the margin 

The opened specimen shows the cancellous tissue of the head and neck entirely 
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replaced by dark red, friable, soft and firm, hemorrhagic, infarcted tissue that crumbles 
between the forceps Here and there the clot contains pieces of gritty material 

The cortical bone is of eggshell thinness and shows numerous fractures and inter- 
ruptions, the periosteum forming the only retainer The periosteum is apparently in- 
filtrated by tumor and discolored by blood pigment but the growth does not extend 
through It 

Miooscoptc — Frozen sections were stained with 03 per cent toluidme blue 0 
Paraffin sections were stained with Weigert’s acid iron chloride hematoxylin and Van 
Gieson’s picrofuchsin, a buffered Romanowsky stain*' and a modification of Foot’s stain 
for reticulum 

The parenchyma of the tumor is compact, diffuse in character and of uniform cell 
structure It is formed of t3'pical plasma cells Thej'^ average iifi in diameter In 
areas, degenerating cells showing pycnosis and fragmentation of the nucleus are seen 
Plasma cells containing two and three nuclei occur here and there Cells exhibiting 



Fig 2 — Photomicrograph showing plasma cell myeloma of the humerus 

(High power ) 


mitotic figures are occasionally seen Small lymphocytes and cells with lymphoblastic 
nuclei are encountered in some areas In a few areas a delicate fibrillar stroma is 
discernible but an argyrophihc reticulum could not be demonstrated (Fig 2) 

The solid masses of cells are interrupted by ramifying sinusoids and cystic spaces 
of various sizes filled with blood The latter are often separated from each other and 
lined by one or more orderly rows of plasma cells Numbers of plasma cells also occur 
mixed With the blood Old and recent disorganizing hemorrhages are present In 
parts of the tumor the parenchyma is roughly lobulated by strands of fibrous tissue from 
the periosteum These strands often carry large, well-formed blood vessels 

Along the periosteum and occasionally within the tumor thin, deformed and rarefied 
fragments of dissolving bone are present Rarely a spicule is lined by several osteoclasts 
or a chain of osteoblasts Stretches of the periosteum are split into fine strands by 
infiltrations of solid masses of plasma cells Occasionally the periosteum shows foci of 
active proliferation In areas, it is overgrown by vascular and fibrosing granulation tissue 
infiltrated by lymphocytes and contains deposits of old blood pigment Stretches of the 
periosteum are thickened and converted into old, h3'alinized scar tissue 

Follow-Up — Roentgenologic examination of the entire skeleton November 18, 1936, 
and March 2, 1938, showed no secondar3’- foci Repeated uranalyses have remained 
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negative for Bence-Jones protein The patient has gained over 20 pounds in weight 
since the operation, appears robust and feels strong 

Analysis of Repoited Cases — Table I presents, in brief, the impoitant 
data from the recorded cases 

Tianma — A histoiy of old or recent injuiy of the part was lecorded in 
appioximately one-half of the cases In a few, injury pieceded the disease 
by an interval sufficiently long to consider it of some significance , but m the 
majority, the tiauma was evidently supei imposed upon an already diseased 
bone, m that roentgenogiams made shoitly aftei the injury disclosed bone 
destruction oi pathologic fracture 

Pam — Pam localized to the affected ai ea was an early symptom in 23 
(74 pei cent) cases It was moie 01 less constant, progressive m chaiacter 
but recoided as severe m only seveial of the cases, notably those m which 
the iliac bone was involved 

Stvellmg — Slight to moderate swelling was recorded in 15 (48 pei cent) 
cases Maiked defoimity was piesent m seveial patients 

Pathologic Fractiiie — Fiactuie occuiied m 13 (42 per cent) cases It 
was spontaneous m six cases, followed trauma 111 five, developed at time of 
biopsy in one case and shortly aftei operation m one case Pam preceded 
pathologic fractuie by weeks 01 months 

Disability — In the majoiity of cases disability was out of all proportion 
to the pain and deformity 

Age — The youngest patient was a female, age 19 months, and the oldest 
a woman, age 68 Excluding the infant, the average age of the recorded 
cases IS 49 years 

Gilmore-® lepoited multiple myeloma m a little girl, which he stated began 
as a lesion of the light orbit at the age of 18 months 

6'ci — Twenty of the cases w'^ere males and ii females 

Bones Involved — Femur, nine cases , ilium, seven cases , humerus, five 
cases, veitebra, foui cases, maxilla, two cases, parietal bone, two cases, tibia, 
one case , and clavicle, one case 

Bence-Jones Piotemuria — This Avas found in four (13 per cent) of the 
cases at the time of the solitaiy lesion In two cases it appeared after the 
disease had become generalized 

Roentgenogi apliic Appearance — Solitary myeloma presents two rathei 
charactei istic types of roentgenogi aphic appearances In 19 (66 pei cent) 
of the cases the 1 oentgenogi am was that of a giant cell tumoi or bone cyst 
The majoiity of the remamdei suggested metastatic carcinoma 

Thus we have a new disease entity that often presents the interesting 
clinical behavioi and roentgenographic appeaiaiice typical of giant cell tumor 
Not all bone lesions giving a roentgenographic appeal ance typical of giant cell 
tuinoi or cyst piove to be that on micioscopic examination In order to 
make a coirect diagnosis, a biopsy and histologic examination are necessary 
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Colc}“‘ has slated “The imj)oi lance of knowing llic naliiie of the tumor 
befoie piesciibing the t\pc of tieatinent to l)e cmploNed fat outweighs the 
so-called disadvantages of a biopsj ’ llowevei, the biops} should he the 
last step in the diagnosis of a bone luinoi, after .ill the other aids to diag- 
nosis have been eniplojed 

Cell Type — The tumoi w.is clc.uh jilasina cell nneloma in 28 (go per 
cent) cases In 26 cases the diagnosis was made fioin hioi)s\, and 111 four 
fiom autopsy mateiial In the tissue fiom Cabot’s*^ case, liac} B Malloiy 
saw aieas in which plasma cells weic suggested In two cases- the cells 
ate designated only as mveloma cells 

Ti eatmcnl and Ptoyno’as — Table I shows that the lepoited cases were 
tieated b} ^alled methods For example, c.ises tic.atcd onl) b} curettage,* by 
amputation*’* 01 b} ioentgcnotheiap\-' showed no lecuncnce or sccondaiy 
foci aftci nine, eight and se\cn }eais, icspecinch Because of the limited 
nuinbei of cases obsened, one c.innot dt.iw conclusions as to the ptefeiied 
treatment 

The important fact is that although the treatment used ^atlcd widel}, five 
patients showed ciiic or aiiest of the disease and no sccondat} foci after 
foul, sc\en, se\en and one-half, eight, and nine ycais Fifteen patients under 
obseivation less than tliice }eais showed no sccondaiy lesions The time 
interval in these cases w’as too shoit to justify a significant conclusion 

One patient oiiginall} tieated b\ locntgcnothcr.ap} followed b) a stabiliz- 
ing opeiation was obscr\ed ovci a petiod of ten }cais On the last examina- 
tion It was found that the disease was still confined to the oiiginal ^ertebla 
and the adjacent ones 

In two cases, sccondaiy single foci ajipcaicd in the skull three and se\cn 
months aflei diagnosis of the piiman lesion Following locntgenothei.ap} 
the secondaiy foci in the skull vanished and no othci lesions dcvclojied aftei 
20 months and eight yeais, icspectivcly 

Multiple injeloma developed in six cases at vaiying lime intciials aftei 
the diagnosis of the sohtaiy lesion 

Upon analyzing Table I, it is evident that even though a piimaiy single 
lesion is recognized and piesumabl} adequately tieated, a secondaiy focus 
may aiise 01 typical multiple injclomata may develop at some latei date 

The question natuially aiises wdiethei the cases w'lth single lesions that 
leinained sohtaiy ovei a peiiod of yeais will not subsequently de\elop multiple 
myelomata In Table I theie wnll be found cases wdiich developed multiple 
myelomata aftei vaiying inteivals, the longest, tw'O yeais nine months fol- 
lowung the piiinaiy single lesion 

Notwithstanding this, it is leasonable to assume that multiple myelomata 
will piobably not develop m that grouji of cases that have been undei obseiva- 
tion foi foui to ten yeais and have showm no lecuiience 01 secondaiy foci 
These may be called tiue sohtaiy myelomata 
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SUMMARY AND CONCLUSIONS 

An analysis of 30 cases of solitai}'- myeloma of bone, ciitically selected 
fiom the hleiaUne, is piesented and a new case, that has been under obseiva- 
tion foi seven and one-half yeais, is lepoited 

The cases of solitaiy myeloma aie sepaiable into two gioups (i) Those 
in which the disease began as a sohtaiy lesion but m which subsequently a 
secondaiy focus 01 typical multiple m)'elomata developed, and (2) those 
which, aftei piolonged obseivation (four to ten yeais), lemained cured 01 
aiiested and did not give use to secondaiy foci These may be called true 
solilaiy myelomata 

Sohtaiy myelomata often piesent the inteiestmg clinical behavioi and 
loentgenogiaphic appeal aiice typical of giant cell tumor 01 bone cyst Hence, 
this disease should be consideied when loentgenograms of giant cell tumois 
and bone cysts aie studied 

Although tine sohtaiy m3^eloma is a 1 datively laie disease, it is impoitant 
to lemembei that it does occui, that it is amenable to tieatment, and that the 
piognosis IS good 

BIBLIOGRAPHY 

^Echtonal Tlie Piobleni of Myeloma JAMA, 104, 1420, April 20, 1935 
“ Bloodgoocl, J C Bone Tumois Progressive Medicine, 8, 229, 1906 
^Wallgien, A Untei suchungen ubcr die Myclomkrankheit Upsala Lakaref foih, 25, 
1 13, Septcmbei, 1920 

^ Shaw, A F B A Case of Plasma Cell Myeloma J Path and Bact , 26, 125, 
January, 1923 

“Walthard, B Ziicumsciiptes myelogenes Plasmocytom der Wirbelsaeule Schweiz 
med Wchnschr , 54, 2S5, March 20 , 1924 

“Zdansky, Euch Em Fall von Plasmozytom Fortschr ad Geb d Rontgenstrahlen, 
36, 368, August, 1927 

~ Martin, J F Dechaume, J , et Levrat, M Plasmocylome du Col femoral Bull 
Assoc frang p I’etudc du Cancer, 17, 539, November, 1928 
** Cabot, R C (Case 16482) An Unusual Medical, Surgical and Neurological Case 
New England J Med , 203, 1090, November, 1930 
"Rogers, lieibeit A Case of Solitary Plasma Cell Myeloma Bnt J Surg, 17, 518, 
Januaiy, 1930 

Gcschickter, C F Multiple Myeloma as a Single Lesion Annals of Surgery, 92, 
425, September, 1930 

^^Mcrcici, Catheime Contribution a I’etude des Sai comes Plasmocytaires These Uni- 
veisite Dc Lausanne Institut d’Anatomic Pathologique, 1930 
Coley, W B Multiple Myeloma Annals or Surgery, 93, 77, January, 1931 
^"Haiding, W G, Jr, and Kimball, T S Solitary Myeloma (Plasmocytoma) of the 
Femur Rcpoit of One Case Am J Cancel, 16, 1184, September, 1932 
Stewart, M J, and Taylor, A L Obseivation on Solitary Plasmocytoma J Path 
and Bact, 35, S4L July, 1932 

Chaibonnier, A , ct Meimod, A Un Cas dc Myelome Solitaiie du Femur Rev Med 
de la Suisse Rom, 54, 699, June, 1934 

Satanowsky, Sara, Gonzales, J C L , and Velazquez, J G Luxacion Pathologica Intra- 
pelviana del Fcmui por Plasmocitoma La Prensa Medica, 21, 1900, October 10, 

1934 


435 



PASTERNACK AND WAUGH 


Annal‘?of SurKcrr 
*^cptembcr 1939 


^‘Peyton, W T Effect of Radium on the Spinal Cord, Report of Two Cases of 
Mjeloma Am J Cancer, 20, 558, March, 1934 
Matliias, Ernst Zur lyl\cloma Frae:c Bcitr 7 kim Chir, 161, 79-87, 1935 
Pohle, E A, and Sto^all, W D Plasma Cell Mjtloma of the Right Ilium Roent- 
genologically Mistaken for Giant Cell Tumor Radiolog\, 25, 628, November, 1935 
Mancmi, G Difficolta Diagnosiichc m un Raro Caso di Micloma Sohtario dello 
Scheletro Chir d org di mo\imento, 20, 370, No\ ember, 1935 
Liebman, Charles, and Goldman, Sol E Solitarj Mjeloma of the Ilium Canad 
A J , 34, 51 1, Ma^, 1936 

-- Chesterman, J T Sohtarj Plasmocjtoma of Long Bones Brit J Siirg, 23, 727, 
April, 1936 

‘^Cutler, Max, Buschke, Fran?, and Cantiil, S T The Course of Single Mjeloma of 
Bone Surg, Gjnec and Obstet , 62, 918, June, 193d 

-^Bailej, C O Plasma Cell M\eloma of the Humerus Treated bj Roentgen Radiation 
Am J Roentgenol , 36, 980, December, 1936 
Lillie, R D, and Pasternack, J G Roniano\\sk\ Staining with Buffered Solutions 
II Current Modification J lech Methods, 15, 65-70 March, 1936 

-'’’Gilmore, I^I E Multiple Mjeloma S\ndrome m a Child Texas State J Med, 
21, 358-362, October, 1925 

-'Colei, W B Endothelial Mieloma or Ewing’s Sarcoma Am J Surg, 27, 7-18, 
Januarj, 1935 


436 



AN OPERATION FOR THE CURE OF FLATFOOT 

Ben L Schoolfield, MD 
Dallas, Tews 

The operation to be desciibed was fiist peiformed by the wiitei lu De- 
cembei, 1926 A lesume of his obseivations was published^ in 1928 In 
Maich, 1936, the opeiation was peifoiined befoie a gioiip of suigeons at- 
tending a legional meeting of the American College of Suigeons m Dallas 
It has the distinction of being a restoiative measuie as compaied with those 
opeiations which depend upon arthrodesis (joint destiuction) foi their suc- 
cess The loss of lesiliency and motion incident to these aithiodeses must be 
quite appaient 

Weak foot (flatfoot) is a condition which, undei the influence of weight- 
beaiing, is chaiacteiized, anatomically, by a valgus attitude and clinically, 
by early fatigue Depression of the longitudinal aich, while often noticed, 
may be veiy slight even m cases clinically seiious 

Etiology — It is leasonably certain that the majoiity of cases have a con- 
genital basis, although the symptoms aie fiequently not apparent until such 
time as increased weight or activity 01 debilitating disease calls attention to 
them The influence of tiauma, iickets and such defoimities as bowlegs and 
knock knees is not to be ovei looked The faulty tiansference of weight m 
such defoimities is doubtless a factoi in the production of symptoms and 
perhaps of deformity as well The custom of walking with the toes turned 
outward is, at least, conducive to the onset of symptoms Ceitam individuals 
of generalized ligamentous relaxation (“loose-jointed”) aie exceptionally 
pi one to the affection ^ 

Moihid Anatomy — An accuiate knowledge of ceitam featuies of the noi- 
mal anatomy of the bones and ligaments of the tarsus and then interrelation, is 
essential to a logical undei standing of the pathology Robeits^ called attention 
to the “lounded undei suiface of the os calcis, its small beaiing area” and 
the stiong ligamentous connection between this bone and other bones of the 
taisus He went into some detail as to the mechanics of weak foot as based 
on these impoitant consideiations The authoi has gone a step furthei The 
os calcis (calcaneus) is appi oximately of the same width as the astragalus 
(talus) at the level of the subastragalar joint, but below the sustentaculum 
tall, 01 ovei hanging shelf of the heel bone, it becomes nai rowed at the ex- 
pense of its medial side Hence the weight-bearing pait of the heel bone is 
off-centei with lefeience to the astragalus and tibia In other words, a ver- 
tical line diawn down the middle of the tibia behind, and passing through 
the centei of the astiagalus will necessaiily fall towaid the medial aspect 
of the beaimg suiface of the os calcis (Fig i) This hue lepiesents the 
course of the centei of weight 01 giavity below the knee, the fibula being for 

Submitted for publication Maj'- 19, 1938 
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piactical pui poses a biace oi sluiL on llic side of the leg and ankle It is 
seen that a mechaniCcd situation exists which gives use to a natuial tendency 
of the heel hone to deviate oi lotate outward undei body weight The re- 
stiaining hold of the medial ligament of the ankle joint (deltoid) ple^ellts such 
deviation m noimal feet Thus it is seen that a too-long oi ovei sti etched 
deltoid ligament is the liasis foi all weak feet The scaphoid (navicular) hone 
leaches a lowei level, the os calcis tilts outwaid below and with these the 
lest of the hones of the foot follow suit This is not to say that in tiaumatic 
weak foot, ceitam othei factois may not entei the pictuie, as m pooily tieated 
Pott’s fiactuie, etc 

Spasticity of the pei onei muscles is a sequence and not a pi imai y cause of 

the pathologj The same is tiuc of arth- 
I ills, infectious oi otheru ise A shoi t 
lendo achillis is a ficquent concomitant 
condition, swelling and congestion aie not 
mfi equent 

Symploim — Eaily fatigue m the eiect 
attitude is a eonslant symjitom quite often 
the only subjective one piesent Ihis is 
paiticularlj tiue m eaih childhood, when 
It ma) he noted that jiatients will not play 
long in the eiect attitude In standing, 
childien often flex the gieat toe sharjily 
so that the medial hoidci of the foot is 
laised, thus unwittingly collecting the 
position of the foot Pam is moie often 
jiiesent m adolescents and adults seeking 
iclicf and its location is somewdiat vaiiahle 
It may he confined to the medial hordei of 
the foot m the vicinity of the deltoid liga- 
ment, to the lateial hoidei about the tip 
of the external malleolus, to the undei sui- 
face of the heel and plantai fascia oi it ma) 
he quite geneial thioughout the foot Itloie 
I emote pain maj’^ he felt in the lowei hack, 
hips, medial sides of the knees oi the calves 
of the legs This is due to the stiaiii in- 
cident to malalignment of the feet oi to a 
shoit tendo achillis m case of pain in the calf of the leg It is of note that 
cases exist wnth pionounced dcfoiinity wnthout appieciahle discoinfoit to the 
patient 

Diagnosis — The j^atient should stand wnth haie feet, their medial hoideis 
held parallel and sufficiently sepaiated to allow a good view”^ between the 
feet It will be noted m case of w^eak feet that the heel bones do not stand 
elect but incline outwaidly fiom above dowmvaid (as viewed fiom the leai) 
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Fig I — Posterior of the ^nKlc 

joint (CmminKlnm) ^’crtlc'll line con 
necting center of tilm nl)o\c with center 
of 'istiat.ilus and continued dounvnrd, 
represents tlie center of first itj snd slions 
ilie os cilcis to be off center below ilie 
sustcnticulum tali, ic, nan owed on its 
medial side 
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The medial boideis of the feet aie apt to bulge moie oi less piominently, espe- 
cially in the vicinit}'- of the scaphoid bone The longitudinal aich may be de- 
pressed to a gieatei oi less degiee The feet may be led and swollen (Figs 
2 and 3) Tenderness to piessuie over the deltoid ligament, beneath the tip 
of the latei al malleolus oi undei the heel bone at the attachment of the plantai 
fascia 01 even along this stiuctuie, may be elicited In some cases the 
peionei tendons stand out piominentl)'', due to spasm Theie may be a limp 
and the patient often complains of inability to obtain comfoi table shoes, a 
situation due to the feet lathei than the shoes In case of rigid weak foot, 
theie is maiked stiffness and loss of suppleness due to concomitant aithiitis. 



Fig 2 — J L Case 4 An instance of Fig 3 — Same case as Figure 2 Note flat 

bilateral flatfoot Note bulging medial bordeis ness of longitudinal arch and venous conges 
of ankles and outwaid slant of heels tion 

eithei infectious oi coming on as a consequence of the piolonged stiain of 
malalignment Such feet requiie special tieatment not coming within the 
piovmce of this article 

Tieatment — Conseivative tieatment has been undei taken for a long time 
but without peimanent lesults — the defoimity lemams Stiapping of the 
feet with adhesive plaster, Thomas heels and numeious types of biaces, or 
“aich suppoits,” have all been used with some success m alleviating or re- 
lieving the s)anptoms Exeicises designed to stiengtheii the tibial muscles 
have been emphasized, but no voluntaiy muscle alone, however stioiig, will 
continuously hold fiimly against the outwaid lotation of the foot undei 
M eight-beai mg Mauiy,'^ the g} necologist, used to tell the class m discussing 

* Bj’- this, I do not mean to imply that the exercises are not beneficial, onlj that they 
do not effect cures pet sc 
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pel nieon haph} “llic fasciae of the pelvic flooi must be brought together 
and sutui ed for adequate suppoi t of the pelvic organs One cannot rely upon 
the muscles of the pelvic floor, for no \oluntary muscle will withstand constant 
strain without fatigue and lelaxation The fasciae, being of connective tissue, 
will do that” An axiomatic truth is thcie expressed and holds equally 
good here 

Autlwi's Opaalion — A cuived incision is made behind and below the 
internal (medial) malleolus, beginning about one inch above the le\el of the 



Fig 4 — Author’s Opcntion JI^lIcolus exposed nnd dissection of periosteal flap begun Note 
tendon of the tihialis posterior undisturbed Inset Dissection continued downward stripping the 
deltoid ligament from the media! malleolus side of astragalus and forward to scaphoid bone The 
ankle joint is thus exposed Xote eleeation of periosteum abo\e, facilitating later closure 

tip of that bone and midw’ay between the bone and the adjacent margin of 
the tendo achillis and carried dowm and forw’ard to the asti agaloscaphoid joint 
(talonavicular) A skin flap is dissected up pioximal to this incision in such 
manner as to uncover the malleolus With a scalpel, the periosteum is in- 
cised transversely to the bone above and veitically from the ends of this incision 
so as to outline the front and back limits of the malleolus Care should be 
taken not to open the sheaths of the tendons behind From the low’er end 
of the front incision, the soft parts are incised obliquely dowmw’ard and for- 
w^ard along the anteiior margin of the deltoid ligament to the scaphoid bone 
A periosteal elevator is now used to free the periosteum fiom the bone both 
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* These patients had periostitis, etc , of gonorrheal ongin 
t These patients showed poor cooperation m after-care 

% This does not represent all of the cases operated upon, only those on whom results could be tr iced 
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Iinunaiy A plastei-of-paiis bandage is applied ovei the sleiile diessings, 
extending fiom the toe tips neaily to the knee Natuidlly, the foot and lieel 
must he held fiimly in inveision oi vaius until the plastei has become fiim 
Posfopei ativc Cme — Upon completion of the opeiation, the foot appeals 
to have a vai us defoi mity and the same is ti ue upon i emoval of the plastei 
bandage some weeks latei, hut this need cause no concern, as it will soon legain 
Its noimal appeal ance and must, in fact, he piotected against undue stiain lest 
a lecuiience of the defoi mity take place aftei the i emoval of the plastei 
bandage Foi that purpose, adhesive plastei stiapping may he used untif the 


Fig 6 Fig 7 



Fig 6 — Case 2 Postojici ativc result at the end of six montlis Note iciticil lUitiidc of the heels 
Fig 7 — Same patient as in Firuic 6 Operated uiion m 1927, showintr the result six months 
imstoperatne Note lonmtiulinal arch is icslored in left foot Plaster cists of feel before iiul 
after operation show not only concction of extreme deformity hut shoiteniiih of medial borders 
of feet as well 

tenderness has lessened following 1 emoval of the sutuies Thomas heels 01 
hi aces (01 both) aie used to raise the medial sides of the heels when the 
patient begins to walk The weight must he kept off the feet foi at least five 01 
SIN weeks following opeiation Diuing that pciiod, the patient may sit u]), 
get about in a wheel-chan 01 he tianspoited in an automobile IFit time must 
he allowed foi film union of the ligament to the hones to occui hefoie the 
patient is allowed to stand 01 walk without adecjuate suppoit Of coui^-e, if 

* This support should be kept up for at least six, months 1 his is \ei\ iniiiortant to 
success 
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Tig 8 — Cise 7 Postopcrntive results iftcr scscn ^lld one Inlf scirs Note e'teellciit iliRnmeiit of 
feet nnd tbsence of bulf.mf: on mtdnl sides of inkles 
Tig 9 — Same patient is in Figure 8 Showing i good longitiidiml ireli on the right foot and 1 

correct ilignmcnt of the left foot 

Fig to Fig ii 



Fig 10 — Case 5 Postoperative result after eight years Note the vertical attitude of the heels 
with absence of bulging in the seaphoid regions 
Fig II — Same patient as in Figure 10 Note the excellent restoration of the longitudinal arch of 
the right foot, and the correct alignment of left foot 
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only one foot at a tune is opeiated upon, cintches may be used and the 
patient made ambulatory 

Since 1926, the authoi has perfoimed 25 of these opeiations, a sufficient 
length of time having elapsed, theiefoie, to affoid a test of the dui ability of 
the results (Table I) Some of the patients have been lost sight of, laigel} 
through moving to distant points, but gieat eftoit has been made to ascertain 
their present status, if they could be found Recuiience of defoimity, eithei 
partial 01 complete, has not been fiequent It is chaigeable to poor coopeia- 
tion in after-care 01 subsequent development of inflammatoiy disturbance of 
gonorrheal oiigin in some of the adults The existence of calcaneal “spurs” 
m these lattei is highly suggestive as to the souice of tiouble A low state 
of nutiition in some of the 3^oungei patients may have been a factoi The 
majority of patients have been fioin chanty clinics, hence the piesence of such 
obstacles to success is easily explainable The ages of the patients have 
ranged from thiee to 39 In the youngest case, the sepaiation of the flap 
was difficult on account of the gieat softness of the bones For that leason, 
it is perhaps better to wait until the patient has reached the age of six 01 
eight 

Any opinion expressed by the wiitei would be purely peisonal as to the 
effectiveness of this piocedure, but it is his belief that, when it is earned out 
properly on well selected cases, the lesults both clinically and anatomically 
will be highly satisfactory 111 the majoiity of cases 

In three opeiations, the technic was modified to include an aithiodesis of 
the astragaloscaphoid joint of one foot, and a shortening of the plantar fascia 
by imbiication thiough a tiansveise incision in both feet of another patient 
The results in those patients did not appeal to warrant the additional pro- 
cedure, and the operation as above desciibed has been used exclusively within 
recent years 


CONCLUSIONS 

(1) Flatfoot is the diiect consequence of a deltoid ligament too long to 
pel form its normal function of holding the os calcis 111 the erect attitude during 
weight-bearing 

(2) The valgus attitude, or outwaid slanting of the heel, is the only con- 
stant, appreciable objective sign"' 

(3) Early fatigue is the one constant, subjective symptom 

(4) Palliative measures may lelieve symptoms but do not effect cures 

(5) Restoration to noimal can be attained only by attacking the problem 
at its source — the deltoid ligament must be shortened surgically 

(6) The operation is adequate, because it utilizes the normal anatomy of 
the foot in correcting the deformity No joints are destroyed b} arthrodesis 
as has been done m practically all of the operations heretofore reported 

* It will be noted that tliroughout this discussion, the height of the longitudinal arch 
IS not stressed, this factor being regarded as of secondarj importance and ha\ing no real 
lalue in the cause of the patholog} 
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THE TREATMENT OF ANKLE MALUNION 


A STUDY OF END-RESULTS 

William R Hamsa, M D 

Omahv, Neb 

FKOM THE UNI\ERSITi OP IO\^ DFPAHTMCNT OP OHTHOPEDICS, SLIIMCE OP CH ARTHUR STElNOLfR 

The trauma and stiain of weiglit-beaiing place gieat sti esses upon the 
aiticular and penaiticulai stiuctuies of the lowei extiemities Thus, ininoi 
joint incongi uities which would be consideied negligible m the joints of the 
uppei extiemity aie sufficient in the lowei extiemities to pioduce unfavoiable 
lesults ovei a longei peiiod of time This is especially tiue of the ankle 
joint, wheie the synchronization of motion between the tibiofibulai moitise, 
the astiagalus, and subasti agalai joint is maiked This latitude of motion 
may be a piedisposmg factoi to the fiequent ankle disability with which we aie 
at piesent concerned, namely, the fiactuied ankle Malunion following the 
usual Potts 01 Cotton fiactuie occuis fiequently even in the hands of those 
experienced in appioved methods of tieatment of these fiactmes Failme 
of immediate oi eaily closed i eduction of a fiactuie is usually followed by 
necessity foi open opeiation, either immediate, to piopeily lepose the fiag- 
inents, oi late, to leconstiuct the joint which has piogiessed to the stage of 
degeneiative aithritis with associated disability consisting of pain, weakness 
and instability 

Treatment of these unfavoiable end-iesults may be eithei conseivative oi 
opeiative The foimei, and incidentally the initial method in the inajoiity 
of cases, consists of suppoit in the foim of innei -wedged shoes, aich suppoits, 
elastic bandaging, biaces, physiothei apy, such as heat, massage and contiast 
baths, and medication in the foim of salicylates Suggestive arthiitic his- 
tones aie always followed by appiopiiate investigations foi possible foci of 
infection and then eiadication 

Conseivative therapy failing, suigical collection of malunion oi of tiau- 
inatic sequelae is necessaiy Accuiate apposition of fiaginents, howevei, is 
difficult and can be successful only in veiy eaily stages, apposition in the 
late stages is associated with sufficient opeiative tiauma to instigate tiaumatic 
aithntic changes Othei methods of attack aie, theiefoie, necessary Mal- 
unioii IS often associated with consideiable disalignment and the collection 
of this deviation lesponds favoiably to an osteotomy piopeily placed (Fig 
i) Astragalectomy may place the weight-beai ing sti esses in a moie faAoi- 
able legion, especially if both tibio-asti agaloid and subasti agaloid joints had 
been involved m the fiactuie (Fig 2) The foot may be stabilized and aligned 
by an aithiodesis of subasti agalai and midtaisal joints if these had been 
injuied, but this pioceduie overlooks the ankle joint piopei which is 
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nsiully alteicd as well' (Fig 3) Ununitcd fiagmcnts may be excised when 
they scive as a block to fiee motion piovidcd ibeir absence will not decieasc 
the stability of the angle (Fig 4) Uistly, the tibio-astiagaloid joint may be 
obliteiated suigically as well as the subastiagaloid and midtaisal joints^ 



-t 

(Fig 5) Fusion of the tibio-astragaloid joint alone in ten to 15 degrees 
equinus pioduces a fanly movable foot as compensatory mciease in motion 
follows m the subastiagalar and midtaisal joints Fusion of all the joints 
about the astragalus produces a stable and painless foot, the gam being but 
little disturbed (Fig 6) 
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Matciial foi this study consists of 113 patients seen on the Oithopedic 
Department at the State Univeisity of Iowa These malunions are divided 
accoiding to pathology piesent Supianialleolai 16, bimalleolai 47, malleolar 
with uipture of lowei tibiofibulai ligaments 11, tiimalleolar ii, astragalus 28 
With little difficulty, these may casil) be placed m the grouping suggested by 
Ashhurst - Foi technics, the leader is rcfeired to aii} standaid operative 
01 thopedic pi ocedure '' 



Fig 6 — PimstriKilonI -irtlirodesis for old sL\cre fncture 
of the ankle 


Results aie classified as follow^s 

(1) Good — stable, painless w'cight-bearing , m suigical gioup, no suppoit 

(2) Fan — functioning foot w'lth occasional slight discomfoit, in surgical 
gioup, no suppoit 

f3) Poor — continuance of same 01 allied symptoms 

SUPRAMALLEOLAR TIBIAL AND EIBULAR MALUNIONS 

Conservative treatment w^as used in seven cases males five, females two , 
ages ranging from 21 to 71 years, average 42 yeais Results were as follows 

Good — None 

Fair — 5, injury average, 28 yrs , observed average, 62 yrs 
Deviation — varus 3, valgus i, anterior bow i 
Poor— 2, injury average, i 5 yrs , observed average, 25 yrs 
Deviation — varus i 


450 


Volume no 
Isumbtr 3 


ANKLE MALUNION 


Surgical treatment was resorted to in nine cases males seven, females t\\ o , 
ages ranging fiom seven to 50 yeais, aveiage 32 years Results neie as 
follows 


Good — 5, injury average, i 3 yrs , observed average, 2 yrs 

3 osteotomies, tibia and fibula for deviation, varus i, ^algus i, an- 
terior bow I 

I osteomj'elitis drainage with final spontaneous panastragaloid fusion 
I triple arthrodesis for fracture os calcis with slight supramalleolar 
varus 

Fair — 3, injury average, 19 yrs , observed average, 42 yrs 

I supramalleolar osteotom}' and subsequent tibio-astragaloid arthro- 
desis , subsequent mild subastragaloid arthritis 
I supramalleolar osteotomy, later mild ankle arthritis 
I panastragaloid arthrodesis, subsequent infection, relieved, some 
persistent swelling of foot 

Poor — I , amputation, midleg 

Of the consei vatn^ely tieated patients, the chief difficulty was the aithiitic 
pain on pioloiiged use Support of any type is only palliative and model - 
ately efficient The best solution m this tiaumatic aithntic gioup is the 
aithiodesis as exemplified by the 1 espouses in the thiee patients tieated suigt- 
cally in this mannei The supiamalleolai osteotomy foi leahgnment is suc- 
cessful only when the normal lelationship between aiticulai surfaces of the 
tibia and astiagalus have not been mateiially changed, any evidence of 
tiaumatic aithiitis should speak foi aithiodesis The only amputation pei- 
formed followed sevei e cii culatoi y disturbance aftei a supi amalleolar osteotomy 
foi a severe valgus deformity 

BIMALLEOLAR ERACTURC MALUNIONS 

Conservative treatment was used in 31 cases, males 16, females 15, ages 
ranging from 14 to 74 yeais, aveiage 46 yeais Results weie as follows 

Good — None 

Fair — 22 injury average, 3 yrs , observed average, 41 jrs 
Deviations — valgus 12, varus 4 

Poor — 9, injury average, 67 yrs , observed average, 41 jrs 
Deviations — valgus 3, varus 2 

Suigical treatment was lesoited to in 29 cases males 20, females nine, 
ages ranging from 1 3 to 69 yeai s, average 37 3 yeai s Results were as follow s 

Good — 12, injury average, 14 yrs , observed average, 4 jrs 

I manipulation and case for valgus foot and ankle in a male, age 13 

1 triple arthrodesis for associated fracture astragalar head and neck 

2 osteotomies, malleolar, with bone graft 

6 panastragaloid arthrodeses for pantraumatic arthritis ( i bilateral ) 

3 osteomyelitis drainages with spontaneous panastragaloid fusion 


Fair — 7, injurj aierage, 6 \rs , observed aierage 42 \ rs 
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1 rciiio\al chip fracture internal malleolus, subsequent arthritis 

2 trijilt artlirodcscs for associated fracture astraqalar neck 

4 ostcotoniits, I associated reconstruction internal malleolus 

Poor — 10, mjur\ aNtrage, i8 jis , oI)scr\ed a\cragc, 63 jrs 

I manipulation and ease for valgus foot and ankle in a male, age 69 
4 rcmoxal cliip fractures, 3 sescrc arthritis, i sc\crc ostcomjehtis 
and loss of leg 

I osteotomy supramalleolar for \arus, arthritis increased 
4 amputations for se\crc mahinion, ostcomvehtis and circulatorj 
deficicncj 

Espcciall} wlicii deviation of any type w.is present, this malunion has dis- 
tinhcd the noiinal lelationship between the tibia and astiagalus The favorable 
end-resnlts of stngical theiapy arc thercfoie, repicsentcd bj nine joint 
arthiodeses foi degeneiative changes Further, thiec osteomyelitis drainages 
ctentiiall) led to a lesiilt equivalent to an opciative aithrodesis but with 
fusion of inoie joints than would haac been fused had rcconsti uction been 
pcrfoiintd '1 he inadequacy of foiceful manipulations for defoimity 111 old in 
di\ idtials is illustrated 

MALLHOLAK MALOMONS WITH UUPT UKH 01 LOW I R 
TIIUOnnULAR LIGAMLNTS 

Conservative tieatment was used in seven cases males four females thiee, 
ages ranging fi om 20 to 64 ) eai s, average 42 4 ycai s Results w ere as follow s 

Good — I, mjur\ 9 Nrs old, obs(.r\cd 2 \rs , tirncc 3 nios , complete relief, 
rocntgcnogruii, mild traumatic arthritis of ankle 

Fair — 4, iiijur\ a\ciagc, 12 ^rs , ohstr\cd a\erage, 13 \rs , all in slight 
\ algus 

Poor — 2, mjur\ a\cragc, i i \rs , ohser\cd a%cragc, 1 5 ^rs , marked traumatic 
arthritic changes, both in a algus 

Suigical tieatment w'as icsoited to in font cases males one, females three, 
ages 1 angmg from 29 to 55 j eai s, a\ ci age 39 7 years Results w ere as follow'S 

Good — 2, mjurv average, 22 >rs , obscr\cd a\erage, 6 ^rs 
I supramalleolar ostcotoim for \aius 

I supramalleolai ostcotom\, subsequent panastiagaloid arthrodesis, fo 
valgus 

Fair — None 

Poor — 2, injury average, 09 yrs , observed a^eragc, 16 jrs 

Fibular osteotomies and forceful replacement astragalus , resultant 
marked arthritic changes 

The smnlaiity of this gioup to the piecedmg is noted When diastasis 
of the ankle moitise is maiked, simple leahgnment pioves inadequate, joint 
obliteiation being necessai)^, if associated aithiitic changes are not present 
at that time, they are ceilain to develop wnthin a lelatively shoit peiiod of 
time 
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TRIMALLEOLAR FRACTURE MALUNIONS 

Conservative ti eatment was used in five cases males two, females tin ee , 
ages ranging fiom 17 to 58 yeais, aveiage 478 years Results neie as fol- 
lows 


Good — ■! , injury 3 mos old, observed 2 yrs , brace for 3 nios 

Fair — 3 , injury average, 5 mos , observed average, i 2 yrs , valgus in all , 
braces necessary 

Poor — I , injury 5 yrs old, observed i yr , marked arthritis with pain 

Suigical treatment was resoited to m six cases males two, females four, 
ages langing from 25 to 55 years, aveiage 44 i yeais Results weie as follows 

Good — None 

Fair — 4, injury average, i 6 yrs , observed average, i 8 yrs 

2 tibio-astragaloid fusions, later mild subastragalar arthritis 
I bone graft and tendo achilhs lengthening, mild ankle arthritis 
I astragalectomy, slight discomfort if too active 

Poor — 2 , injury average, 9 mos , observed average, 5 yrs 

I tibio-astragaloid fusion, later severe subastragalar and midtarsal 
arthritis 

I panastragaloid fusion, later repeated for failure, later developing 
severe circulatory difficulty not responding to sympathectomy 

Conservative ti eatment with biace suppoit lelieved a good poition of 
patients, doubtless because of the indnect limitation of motion The surgical 
results aie mediocre only, the fusions peifoimed were no doubt adequate 
foi the joint obhteiated but the subsequent appeal ance of similar symptoms 
in lemamiiig tarsal joints pioduced failuies Can these failures be due to 
arthrodesis, that is not sufficiently ladical to lemove all arthntic locations^ 

ASTRAGALUS FRACTURE 

Fiactwe Astiagalaj Head — Conseivative ti eatment was used in six cases 
males four, females one, ages langmg fiom 13 to 53 yeais, aveiage 34 years 
Results weie as follows 

Good — None 

Fair — ^3, injury average, 14 mos , observed average, 6 mos , arthritic complaint 
if too active on rough ground 

Poor — 3, injury average, 15 jrs , observed average, 5 jrs , pain in foot on any 
walking, support necessary 

Suigical ti eatment was lesoited to in two cases male one, female one, 
age being 20 and 24 yeais Results weie as follows 

Good — 2, injury average, 2 yrs , obser\ed a\erage, 55 yrs 
I triple arthrodesis 
I astragaloscaphoid arthrodesis 

F}actnie Asiiagalai Body — Conseivative ti eatment was used m eight 
cases males live, females thiee, ages ranging from 19 to 74 yeais, aierage 
51 years Results were as follows 
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Good — 2, injurj avcraRc, 4 'rs , obscr\ed average, i 5 jrs , botli cliip fractures 
medial or lateral aiticulai edge 

Fair — 4, in;ur\ average, 4 jrs , observed average, 17 jrs , 2 crush fractures, 
I chip fracture , 1 laterallv , i mediallv 1 associated fracture anterior 
tibial margin 

Poor— 2, mjurv average, 27 vrs , obseived aveiage, 3 5 >rs Both fractures at 
junction bodv tind neck, jireviouslv well leduced by open operation 

1 pool open reduction previouslj with ostemjelitis 

Opel alive intei v'cntioii in nine eases males seven, females two, ages 23 
to 52 yeais, aveiage 35 yeais, showed the following lesults 

Good — 7, mjiirj average 5 vrs , observed average, 55 jrs , 4 astragalectomies, 

2 supramalleolai osteotomies with ankle fusion, 1 triple arthrodesis 

Pair — 1 , injurj 9 mos old, observed 9 vrs , triple arthrodesis, arthritic liistorj 

Poor — I, iiijurv 9 vrs old, observed 8 vrs , astr.igaleclomv , good result for 25 

vrs when artbiitic changes developed 

Fiactiuc of Sticda’s Pioccs<; of A^liayalw ; — Conseivative treatment in 
thiee cases, all males, ages seven to 34 yeais, av'erage 27 yeais, showed the 
following restilts 

Good — None 

Fair — I, mjurv 2 jrs old, observed 6 mos , subastragalar joint arthritis, mild 

Poor — 2, injurj average, i jr , observed average, 3 jrs , subastragalar joint 
artliiitis, severe 

Surgical treatment m one case, a male, age 18, mjuij 3 mos old, observed 4 vrs, 
produced a good result following lemoval of the fragment 

An obvious conclusion from all old talai fiactuits tieated is that the surgical 
ohhteiation of involved joints jnoduced the best lesults The good result 
following lemov^al of the posterioi process chij) fiactuic mav' be explained on 
the basis of early inteivention Considerable aigument arises relative lO 
choice between astiagalectomy and aithiodesis for body fiactures, a sane 
attitude IS the choice ot panastiagaloid fusion if blood supply is adequate — 
otheiwise total removal of the astiagalus lather than partial lemoval should 
follow 


CONCLUSIONS 

( 1 ) A large numbei of ankle malunions 1 espond to consei vative methods, 
as modeled insoles, biace supports and physiothei apy 

(2) When the lelationship of tibial and astiagalai joint sui faces has 
been undistuibed, even in the face of deviation above the joint, conseivative 
opeiation, as an osteotomy, aimed at leahgnmenl and carefully perfoimed in 
the supramalleolar legion, selves as an efficient piocedure, should this rela- 
tionship be altered, the same pi ocedui e is doomed to failui e, as the pain due to 
aithritic changes will continue 01 will appeal at some subsequent time, tins 
type of disordei lesponds only to a joint arthrodesis 

(3) Early arthrodesis is indicated in any ankle -fractuie in which the 
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joint surfaces show incomplete reduction, a subsequent arthiodesis is in order 
for any malunion which has not lesponded to a moie conseivative piocedure 
(4) In reconstructing an ankle malunion, it is bettei to aithrodese all 
joints with suspicious arthritic changes even though a panastiagaloid fusion 
follows, this prevents possible continuation of pain due to aithiitic changes m 
previously unsuspected joints, function of such a fused foot is efficient, stable, 
and painless, as the ten to 15 degiee equmtis is compensated foi by the 01 di- 
naiy shoe heel 
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HERNIA TIIRODGII THE TRANSVERSE MESOCOLON 
AND THE GASTROCOLIC OMENTDM» 

REPORT OF A CASE EOELOAVING POSTERIOR GASTROJETUNOSTOMY 

IIaroed J Siieeley, jNI D 

Ni w York, N Y 
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Herniation of the small intestine through the tiansverse mesocolon into 
the lesser peritoneal sac was evidently a faiily common occuirence early m 
the histoiy of posteiioi gastro-entei ostomy Tins is indicated, not by their 
fiequent leports in the hteratuie of that period, but by the fact that in such 
a laige proportion of the descnptions of the technic of the opciation one is 
cautioned to close the opening in the tians\eise mesocolon as, otheiwisc, this 
accident so fiequently occurs In a seaich for lepoits of this t>pe of hernia 
only two Avere found I^Io^nihan,^ in 1912, in Ins book on duodenal ulcer, 
described tAA'o cases both Avere herniae of the small intestine into the lesser 
sac One patient died, the other surAUAcd, folloA\mg opeiative 1 eduction of 
the hernia 

Intra-abdominal heiniae of the small intestine passing behind the afferent 
loop of jejunum have been lepoited 15 01 more times Hernia of the small 
intestine thiough a congenital opening in the tranSA'crse mesocolon (01 
thiough an opening produced in some manner not associated A\ith any opera- 
tion) has been repoited one 01 moie times nearly cA^eiy }ear for the past 
several years 

Case Report — Hosp No 118-289 M M , whuc, male, age 38, \\as admitted to St 
Luke’s Hospital October 5, 1936 Ten months previoush, because of pain in the right 
epigastrium, nausea and vomiting and a pyloric stenosis, demonstrated by fluoroscopic 
examination, a posterior gastrojejunostomy had been performed at another hospital 
For the first two months following this operation the patient was on ambulatory medical 
ulcer treatment and remained free from symptoms One month after he returned to 
an unrestricted diet, he began to notice a pain similar to that which he had had before 
the operation, but which was now situated just above and to the left of the umbilicus 
He had attacks of nausea but did not vomit The pam was of a dull, gnawing character, 
fairly constant, did not radiate, and was not relieved bj alkilis At times it was partiallj^ 
relieved by food and at other times aggravated His stools were m the majority black, 
but not described as tarry In the St Luke’s Hospital, Gastro-Intestinal Clinic, he had 
been placed on an ambulatory ulcer treatment without relief 

Physical Erammatwii — The patient was poorly nourished, but otherwise negative 
except for a well healed transverse, upper, midabdommal scar and tenderness to pres- 
sure immediately above and to the left of the umbilicus 

* Presented before the Surgical Section of the New York Academy of Medicine, 
December 3, 1937 Submitted for publication, June 6, 1938 
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Laboiatojy Data — An alcohol test meal showed free hjdiochlonc acid iS, total 
acidity 38 Guaiac examination of the stool for occult blood was negative on four occa- 
sions The blood Wasseimann test w'as negatne 

Roentgenologic Examination — A marked irregularity was demonstrated and tender- 
ness elicited at the site of the gastrojejunostomy stoma, which at first appearance sug- 
gested new growth about the stoma, but also one that might w'ell ha%e been produced 
by a marginal ulcer and spasm There was essentially no emptying through the pjlorus 
(Fig I) 

Tieatment — An 18-day medical ulcer regimen, wnth the patient in bed, ga\e relief 
from the pain, although a subsequent gastro-intestinal series still showed some spasm 
of the gastrojejunostomy stoma 





Fig I — Roentgenogram of a gastro intestinal 
senes taken on October 6, 1936 There is pne 
ticallj no emptjing through the pjlorus The fill 
ing defect about the gastrojejunostoinj stoma can 
be readilj seen 



Fig 2 — Roentgenogram of a gastro intestiml 
senes taken on JMaj 27, 1937 There is still 
practicallj no emptMng through the p^lorus The 
dilated loops of small intestine can be seen 
Some of these lie up against the greater curia 
ture of the stomach The large filling defect 
alxiut the stoma is no longer present 


He was then discharged to the Gastro-Intestinal Clinic, w'here he was cared for 
during the followung seven months’ period Within six W'eeks of Ins discharge from the 
hospital, W'hile on an hj peracidity diet and alkalis after his meals, the s\ mptoms recurred 
exactly as before admission Pam and nausea w'cre again present w'lthout aomitiiig or 
tarry stools Ambulatory medical treatment gave no relief Taking food in an\ form 
aggra\ated the pain, wdneh after a few weeks became practicallj constant 

On May 24, 1937, he w'as readmitted to the hospital Three dajs later a gastro- 
intestinal series show'ed tenderness and spasm at the site of the gastrojejunostom\ stoma, 
with still practically no emptying through the pjdorus The loops of small intestine 
were moderately dilated and some of these loops were situated as high as the greater 
cur3ature of the stomach (Fig 2) On a medical ulcer regimen, in bed, he was relieved 
of his pain, but as soon as he w'as placed on a convalescent ulcer diet and permitted out 
of bed, the pain recurred This management was tried three times more, each time 
with the same result 

On ten occasions, in the three months of treatment, the stools were po«itivc for 
blood with the guaiac test, the remaining tests having been negative An alcohol test 
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meal gave free hydrochloric acid 14, total acidity 39 P) copet atwe Diagnosis Marginal 
ulcer and pyloric stenosis 

Opetatwn and Opci alive Pathology — August 16, 1937 Under ether anesthesia, an 



Fig 3 — A scmulnKrimmitic sketch of the condition which 
presented upon openinfi: the nhdonien The gnstrojejiinostoni} can 
be seen The trnns\erse colon and great omentum are cotered b> 
loops of small intestine The component parts of the gastro 
jejunostomy and the loops of small intestine are herniated through 
the opening m the transverse mesocolon 



Fig 4 — A semidiagrammatic sketch of the conditions as they 
were found upon turning up the great omentum, the transverse colon 
and the loops of small intestine which lay in front of these two 
structures The small amount of ileum which lay in a relatively 
normal location can be seen 


upper left rectus incision disclosed numerous adhesions throughout the upper abdomen 
When these were freed, the site of the gastro-enterostomy presented, and at first appeared 
to be of the anterior type The transverse colon and the greater omentum were entirely 
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covered by loops of small intestine (Fig 3) Upon further examination, it became 
evident that the entiie small intestine from the gastrojejunostomy, which was actually 
of the posterior short loop type, to within four inches of the ileocecal valve (and includ- 
ing the component parts of the gastrojejunostomy) was herniated through an opening 111 
the transverse mesocolon, across the lesser sac and through an opening 111 the gastrocolic 
omentum (Figs 4 and 5) The two openings each admitted three fingers The gastro- 
jejunostomy stoma admitted two fingeis readily and about it was only moderate indura- 
tion The pylorus would not admit the tip of a finger, being stenosed by the scar of 
a well healed ulcer The loops of small intestine were dilated and their walls hyper- 
trophied, being two to three times the normal thickness 

The small intestine and the gastrojejunostomy were reduced through the openings 
in the gastrocolic omentum and the transverse mesocolon The gastiojej unostomy was 
taken down, including an excision of the entiic margin of the stoma This area was 
indurated but not ulcerated A piece of linen suture about one inch long was found in 
one portion of this margin The openings in the stomach and the jejunum were then 
closed, as were those in the transverse mesocolon and the gastrocolic omentum A Horsley 
pyloroplasty was then perfoimcd Subtotal resection of the stomach was not performed 
because of the low acidity, the fact that the ulcer was well healed, and m addition because 
it was felt that the hernia had been the sole cause of the patient’s symptoms 

Posfopciatwc Coiiise — Convalescence was complicated by a mild bronchopneumonia, 
but throughout the stay in the hospital, following the operation, he had no abdominal 
symptoms On September 13, 1037, four weeks postoperative, a gastro-intestinal series 
showed a normally active stomach without retention or areas of tenderness or spasm 
(Figs 6 and 7) There was some deformity in the region of the pjlorus due to the 
pyloroplasty 

He was discharged from the hospital September 17, 1937, at which time he was 
entirely free from symptoms When last seen (nine and one-half months postoperative), 
he was still on a hyperacidity diet His weight had increased 25 pounds over what 
he weighed before the operation He had remained completely symptom-free The scar 
was firm and well healed 

Discussion — A case of henna thiough the tiansverse mesocolon and 
the gastrocolic omentum is presented This hernia developed aftei a posterioi 
short loop gastiojej unostomy had been pei formed at anothei hospital Ap- 
parently the edges of the opening m the transverse mesocolon had not been 
sutured either to the stomach 01 the jejunum at the time of the oiigmal 
operation A hernia of some of the loops of small intestine into the lessei 
sac IS the expected outcome under these circumstances That the hei mated 
intestine extended across the lesser sac and through a hole m the gastiocohc 
omentum would appeal to be a rathei unexpected complication Two pos- 
sible explanations are suggested foi tins development (i) The lesser sac 
may have become so gieatly distended with loops of small intestine that the 
lupture of the gastrocolic omentum was spontaneous, 01 (2) the opening 
may have been the lesult of the operative piocedure It may have been 
opened accidentally and not sutured, or the type of gastiojej unostomy de- 
scribed by the Mayos, m 1905, m which the tiansverse mesocolon is opened, 
may have been performed without subsequent adequate closuie about the 
distal end of the gastiojej unostomy 

The symptoms and roentgenologic findings can be readily explained on 
the basis of the pathology found at the opeiation The relief from symptoms 
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with the patient m bed, which at the time was attributed to the diet and 
medication to a great degiee, was actually due to the leheving of the pull 
against the edges of the holes m the gastiocolic omentum and the tlans^e^se 
mesocolon by the weight of the loops of small intestines and then contents 
Each time the patient w^as put to bed, the pain disappeaied, and each tune he 
was permitted up, the pain lecuiied 

The filling defect, spasm and tendeiness found m the fiist gastio-mtestinal 
seiies (Fig i) can be explained by the supposition that a loop of small intes- 
tine was paitially wrapped around the gastrojejunostomy The latei pic- 
tures showing the dilated loops of small intestine and these loops l}mg high 
up against the gi eater cuivatuie of the stomach piesented exactly the con- 
dition found upon opening the abdomen Had the condition i\hich Mas found 
at opeiation been considered pieopeiatively, the stoiy of lecuiience of pain 
each time the patient lesumed the eiect position for any length of tune, taken 
together Muth the loentgenologic findings, should have made a conect diag- 
nosis possible Simultaneous clysma and gastio-intestinal senes, Mith the 
films taken latei ally or obliquely, \vould have piobably shoMui the condition 
veiy plainly, paiticulaily so if steieoscopic films had been made 

This case lepoit beais out the statement that is so often made in the 
desciiption of the technic of posterior gastiojej unostomy, that the edges of 
the opening m the tiansveise mesocolon must be closed about the stomach 
01 the gastrojejunostomy sutuie line in ordei to avoid heiniation into the 
lessei peiitoneal sac That this condition is not seen fiequently is undoubt- 
edly due to the fact that this step in the opeiation of posteiioi gastiojej unos- 
tomy is piactically always earned out 
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AN ATTEMPT AT ITS EXPERIMENTAL PRODUCTION 
BY REPEATED ADMINISTRATION OF CASCARA SAGRADA 

Warren C Cor’vvin, MD 
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RocnESTEH, MI^X 

Bartle^ appaiently M'as the fiist to refei to a possible lelationship be- 
tMeen the cascaia habit and melanosis cob Bockus, Willard and Bank,- m 
I933> levieved the opinions of the vaiious authois on the anthracene purga- 
tives, all of Mliich aie said to act largely on the colon and stated that in eierj 
one of their cases of melanosis, in mIucIi a history of taking laxatnes could 
be obtained, cascara or some othei mcmbei of that family of laxatives had 
been taken daily for long peiiods just previous to the finding of the colonic 
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pigmentation They concluded that “the anthracene laxatives either contain 
a pigment or elaborate one within the colon which is phagocytized by the 
deep mucosal cells causing melanosis ” In 1935, Zobel and Susnow'’ observed 
melanosis cob 111 seven of 200 consecutive persons who underwent sigmoido- 
scopic examinations, and repoited that the chief, apparent, causative factors 
were chronic constipation and the use of anthracene laxatives over a long 
period Quite the same view is held by Buie,^ who, in 1937, repoited on a 
group of 571 patients who bad melanotic deposits in the colonic mucous mem- 
brane “When It IS considered,” he stated, “that piactically all patients who 
have melanosis cob are constipated, the likelihood that colonic stasis and 
its effect on the metabolism of foods may play significant roles m the pro- 
duction of this condition becomes impressive However, when it is recalled 
that more than 95 pei cent of persons who ai e constipated, many of whom are 
not in the habit of taking cascaia, show no signs of melanosis of the colon, 
one leans moie to the belief that this drug, or one of its constituents, or one 
of Its effects, is of significance as a causative factoi ” 

E\peumental Investigation — In order to stud}' the effect of the in- 
gestion of cascara on the development of pigmentation in the large bowel, 
thiee dogs, weighing approximately 15 Kg each, were given relatively laige 
doses of this diug over a peiiod of one yeai with a single peiiod of lest of 
three weeks Each dog was given 15 cc of the fluidextiact of cascara 
sagrada, before feeding, six days of each week On the seventh day the dog 
received neither the diug nor food The amount of cascaia administered 
daily would correspond to a dose of two and one-half fluid ounces (75 cc ) 
given to a man weighing 165 pounds (75 Kg ) It was given in capsules 
of a capacity of 5 cc During the study the foui following diets weie em- 
ployed for periods of approximately thiee months each 

(1) A mixed diet, consisting of 35 pei cent hoise meat, 35 pei cent 

Cl acker meal, 5 per cent bone ash, 10 pei cent lard, and 15 pei cent cooked 

tomatoes 

(2) A high fat diet, consisting of 25 per cent horse meat, 25 per cent 

cracker meal, 5 pei cent bone ash, 30 pei cent lard, and 15 per cent cooked 

tomatoes 

(3) A commercial canned dog food (Paid), with approximately 5 per 
cent of bone ash added 

(4) A mixed diet consisting of dog biscuits, alternating with a mash 
made of ground horse meat, corn meal, oat meal, and bone ash 

Because of the apparent relationship between constipation and melanosis 
coll, so fiequently alluded to in the writings of clinicians, an effort was made 
to keep the dogs of this study more or less constipated It will be noted 
that in each instance bone ash was present in the diet The amounts stated 
above were neaily always sufficient to keep the stools well formed and at times 
even scybalous On two or three occasions diairhea did appear but this was 
always easily brought undei control by increasing temporarily the amount of 
bone ash in the diet 
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The condition of the mucosa of the large bowel was kept under suneil- 
lance by proctoscopic examination once every two weeks oi so Short ethei 
anesthesia gave such excellent i elaxation that it w'as alw ays employed Ownng 
to the anatomy of the dog’s colon, with its long mesenteiy, practically the 
entiie colon could be visualized b}’’ means of an ordinary 24 cm proctoscope 
As IS the case with human beings, repeated enemata of w^arm w'ater befoie 
proctoscopy greatly facilitated the examination A total of 19 pioctoscopic 
examinations weie made on each dog during the 12 months of the experi- 
ment At no time wei e abnormalities detected The mucosa in each instance 
retained its noimal coloi and luster At the end of the experimental peiiod, 
two of the dogs weie killed and postmortem examinations w^eie made Theie 
was no evidence of colonic pigmentation, either giossly 01 microscopically 
Discussion — Melanosis coli is a nondetrimental, pathologic disoidei 
grossly lecognizable in probably somewdiat inoie than i pei cent of all people 
Theie is considerable diveisity of opinion as to the exact natuie of the pig- 
ment involved Recent writeis on the subject aie inclined to believe that the 
etiology of the condition is in some w'ay connected with chronic constipation 
and the cascara habit The investigations lepoited m this paper w^eie cained 
out on dogs, and it must be borne m mind that the diffeiences m anatomic 
arrangement and lelative length of the colon of man and of the colon of the 
dog may be associated wnth physiologic diffeiences It may be concluded, 
fiom these investigations that m dogs wdnch aie pi evented fiom having diar- 
rhea by feeding bone ash, ingestion of laige amounts of cascara over a long 
peiiod of tune is not sufficient m itself to produce pigmentation of the mucosa 
of the colon This would indicate that othei factois aie at wmik in the 
genesis of this lesion It may be, as has been suggested by Huist,^ that the 
chief factor 111 the etiology of melanosis cob is the aitificial diairhea pioduced 
by apeiients taken on account of constipation 01 the feai of constipation 
Accoiding to this idea, the aioinatic protein disintegration products resulting 
fiom the dianhea aie absoibed by the mucous meinbiane of the colon and 
aie there conveited into pigment In an attempt to affiim this statement 
expel imentally, dianhea aitificially produced by means of daily catharsis 
should be maintained m dogs over long periods of time 

SUMMARY 

Three dogs, each of which leceived 15 cc of fiuidextiact of cascara 
sagiada 294 days in one year, failed to show^ any evidence of melanosis cob 
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EVISCERATION CAUSING RUPTURE OF JEJUNUM 

CASK RKPORT 

John R Orndorff, MD, and IlARRy E Mock, MD 
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Abdominal wound dehiscence occnis in appioMinatel)' i to 2 pei cent 
of cases Glenn’^ has lepoited an incidence of 067 pei cent wound dehiscence 
in cases opeiated upon where the pathology was nonmalignant, and 1 20 
pel cent wheie malignancy was piesent Dehiscence may be of vaiying 
degree, fiom simple peiitoneal sepaiation to the evticme of complete dis- 
luption with evisceiation 

Ruptuie of small intestine is a frequent accident It is often complete, 
and occuis following vanous tiaumata, with 01 without penetiation of the 
skin Houevet, an instance of dehiscence and eMsceiation causing com- 
plete luptuie of intestine is a laie coincident 

Musculai effoit can lesult m luptuie of intestine Wilensky and Kauf- 
man- have collected 43 cases wheie 1 upline of intestine followed stienuous 
musculai eflfoit In at least 33 of these a henna was piesent, which the}' 
believe acted as a piedisposing factoi, pei haps fuinishmg a lecess into which 
the antimesentei 1C boidei ivas foiced and luptuied Mage"^ lecently reported 
an instance of seveie muscular exeition, 102 days postopeiatively, causing 
a 2 5x5 cm lUptuie m the wall of a segment of ileum adheient in the scai 
of a cholecystectomy wound 

Case Report — E T, white, male, age 58, vas admitted to St Luke's Hospital, 
Chicago, June 9, 1937, with a history of 30 pounds weight loss, and sjmptoms suggesting 
a carcinoma of the colon Barium clysma showed partial obstruction at tlie splenic 
flexure The Wasserniann test was negative After a proplij lactic blood transfusion, a 
prelmimarv cecostomy was constructed Twelve days later the abdomen was explored 
through a left midrectus incision A carcinoma was found at the splenic flexure It was 
moderately fixed, but operable Howevei, the liver was found studded with innumerable 
hard, apparently metastatic nodules The incision was closed m anatomic layers, using 
plain and chromic catgut without a dram The bowel had not been penetrated, and no 
biopsy had been taken 

Postoperative Course — Convalescence was uneventful except for a small stitch ab- 
scess in the middle of the wound which suppurated a veiy small amount until the eleventh 
day The cecostomy functioned satisfactoiily A many tailed bandage was m place 
constantly 
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On the thirteenth postoperative day the sutures weie remo\ed The next morning, 
the fourteenth postoperative day, 12 hours after removal of sutures, tlie patient turned on 
his side He related that a slight breeze seemed to chill the perspiration on the back of 
his neck Immediately he was aware of the onset of a desire to sneeze Although he 
protected his wound region with both hands, as he sneezed he felt it gne wa\, be- 
ginning at the upper end He experienced no pain He stated that he belie\ed the 
separation involved only the uppei three-fourths of the wound 
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I'lG 1 — Appcnance of ivouiid one and one Inlf hours ifltr compklt 
cMsceiation The intestine Ins been replaced and nound stpatation com 
jileted in lower atiRlc for better exposure The ruptured jejunum nils 
be seen in the middle of the nonnd, and adherent omentum in the upper 
angle 

Opciatwn — The cecostomj tube was found intact On remoMiig the dressings, ap- 
proximatelj 70 cm of small intestine was found king on the skin of the abdominal wall, 
and the separation was o\er the upper three-fourths of the wound’s length, as tlie patient 
had thought When the coils of intestine were replaced the ruptured jejunum was eisible 
(Fig i) At the middle of the wound, on opposite sides, about the keel of the umbilicus, 
two open stomata of small intestine were seen Each was firmh adherent to the parietal 
peritoneum and diiccth faced each other Leading from each stoma a segment of intes- 
tine extended lateralh, and for about 10 cm was \er\ firmh adherent to the ^entral 
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parietal peritoneum The plane of each stoma was exactly at the border of the wound 
margin, and perpendicular to the lumen, the edges were smooth, as if made by scalpel 
The loop was determined to be jejunum Omentum was moderately firmly adherent m 
the upper third of the wound to the level of the subcutaneous tissue The carcinoma of 
the splenic flexure had increased in size since the exploration 

The jejunum was mobilized sufficiently to permit construction of an end-to-end 
anastomosis The wound was again closed m anatomic lajers using plain and chromic 
catgut, braided silk retention sutures, and black silk m the skin No drains were placed 
Convalescence following the secondary closure was uneventful, and the patient was 
discharged with the wound firmly healed, though by second intention in its middle third 

Comment — Evidently, an unusual mechanical accident had occuried 
The loop of jejunum had become so firmly adherent, transversely, to the 
vential parietal peiitoneum undei the wound that on the instant of w^ound 
sepal ation it ruptured, leaiing cleanly across, as if incised 

An eaily paitial dehiscence had apparently occuired, as the omentum w^as 
model ately fiimly adheient to the subcutaneous tissue m the upper third of 
the w'ound The peritoneum had sepaiated eailier, and the omentum for 
some time had been lying superficially 

The subcutaneous position of the omentum lecalls the belief of Free- 
maiA that m many instances the piimaiy cause of dehiscence is a closuie 
of the peiitoneum, thiough gaps m wdiich omentum forces itself, and in 
swelling acts as an expanding wedge that foices the tissues apart, preventing 
pioper union 
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PARATYPHOID FEVER COMPLICATED BY RUPTURED 

APPENDICITIS 

Stuart Zeh Haavkes, M D , M Sc D 
NrwAKK, N J 

Typhoid and paratyphoid feveis aie known to attack the lymphoid tissue 
(Peyer’s patches) of the small intestine, often causing peif oration by ulcera- 
tion Such a complication is not infrequent in either of these feveis, although 
It IS more common with typhoid fever In the appendix these same lym- 
phoid accumulations are present, being more pionounced m children and 
young adults, usually becoming more atrophic as the individual becomes 

Submitted for publication October 4, 1938 
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older Although this is the case, apiiendiceal peifoiation associated N\ith 
these feveis occurs much less frequently than it does in the ileum Oslei,^ 
in speaking of perforation, quotes McKenzie’s collection of 265 cases in 
which the appendix was peifoiated nine times It seems strange that it 
does not occui more often 

Boyd^ states that m typhoid fever the l)unphoid tissue of the appendix 
may show the mfiltiation with endothelial cells uhich is such a charactci istic 
change 111 the ileum Cope,® in discussing the difterential diagnosis between 
appendicitis and typhoid fever, believes that typhoid fever is occasionally 
mistaken for appendicitis because of the abdominal pain and tenderness 
which are sometimes localized m the right iliac fossa He also states that a 
true typhoid appendicitis is sometimes seen, and cites a case upon which 
he operated and in which the symptoms of a true typhoid appendicitis initiated 
the illness MacCallum^ states that a similai piocess of ulceration as is seen 
m the Pe3'’ei’s patches of the ileum takes place in the colon and also in the 
veimifoim appendix, and that it is not uncommon to have a peifoiation m 
the base of an ulcer in the lattei situation Sloan® states that title acute 
appendicitis is a recognized complication m typhoid fever aside fiom the 
incidental involvement of the lymphoid tissue of the appendix eaily in the 
disease The appendicular pain associated with the swelling and ulceiation 
of the lymphoid tissue in the appendix duiing the early stages of typhoid 
is not infiequently diagnosed as appendicitis 

It would seem, then, that m association with typhoid or paiatyphoid fevei, 
there occui s an involvement of the lymphoid tissue of the appendix as well 
as the lymphoid tissue of the small bowel The right lowei quadiant pain 
which IS mentioned m the classic desciiption of the disease may then be 
signs diiectly leferable to pathologic changes occui ring m the appendix If 
the pathology is maiked, the piocess in the appendix may cause acute in- 
flammation or peifoiation, just as it occui s with othei oiganisms 

Although it has been shown that the appendix is appaiently quite often 
involved in the disease piocess, as well as othei paits of the small intestine, 
a study of the liteiatuie leveals veiy few case lepoits of acute appendicitis 
complicating the disease Widal,® in 1913, cited such a case occui ring on 
the sixth day of the geneial infection in a girl, age 13 The infecting organ- 
ism was a paiatyphoid B He states that a paiatyphoid infection is not a 
contiaindication to inteivention PaisonsJ m 1927, made a careful study 
of the hteiature m reporting a case of typhoid fe\ei complicated by a per- 
foiated appendix m a male, age 25 In this case there vas also a perfoia- 
tion of the ileum The patient recovered In his study of the literature 
he collected 30 cases due to typhoid fe%ei, the first case being reported 
by Sands in 1857 He believed that \\hen definite appendicitis occurs in 
typhoid fever the moitahty vill be lowered by removing the appendix It 
IS interesting to note that until about 10 5 ears ago, all the cases reported 
complicated infections with the t}phoid bacillus except the one case re- 
poited by Widal However, m reviewing the literature for the past 10 
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yeais, all the cases repoited, except five, associate the acute appendicitis 
with the paiatyphoid oiganism 

WildeS lepoited a case in 1930, similar to the case leported here, in 
which a diagnosis of acute appendicitis was made and the operation per- 
foimed befoie complicating paiatyphoid fevei was lecogmzed The opeia- 
tion was followed by a febiile leaction on the thud day, which proved to 
be of paiatyphoid oiigin Beinstem,*’ in the same yeai, lepoited a giil, age 
14, vho was admitted Mith typhoid fevei She developed signs of acute 
appendicitis on the thiiteenth day of the disease A peifoiated gangienous 
appendix was removed ii da}s latei, aftei conseivative tieatment was em- 
ployed A cultuie of the pus fiom the peiitoneal cavity was negative for 
typhoid oigamsms Rosenthafi® lepoited, also m 1930, the case of a child, 
age 14, who had been ill foi two da3^s w'ltb symptoms of appendiceal colic 
At operation, the appendix w'as found to be acutely inflamed A number 
of swollen patches in tbe small intestine weie found and they suspected a 
possible typhoid infection The oiganism isolated was a paiat34Dhoid B 
In 1931, Rose^^ lepoited the case of a girl, age 12, with acute appendicitis 
wdio w'as opeiated upon and wdio was lalei pi oven to be suffeiing from para- 
t3^phoid B fevei as w'ell The s3'mptoms of appendicitis occuned on the 
thud day of hei illness Muliei in 1933, lepoited a case of a giil, age 16, 
wdio had nausea, vomiting and seveie diaiihea She w'as obseived foi 
thiee days and then opeiated upon because of signs of acute appendicitis 
At opeiation, a peifoiated appendix was found She had a positive stool 
cultuie for paiat34flioid “Breslau” He makes the statement that it w^as a 
good thing foi the patient that the stool cultuie w'as not knowm until after 
the opeiation 01 it might not have been peifoimed, indicating that the3’^ might 
have attiibuted all the symptoms to paiatyphoid fevei 

In 1934, Ma3’^ei^^ summaii/ed the foieign hteiatuie on “pai at3'phoid ap- 
pendicitis ” He believed that the oiganism w'as often harboied in the appen- 
dix, in the same mannei as the t3'phoid oiganism is haiboied in the gall- 
bladdei He subdivided the cases into thi ee classes ( i ) Those in -which 
theie was a local disease of the appendix wuth no othei gasti o-intestinal 
lesions 01 geneialized illness, (2) those in w'hich the appendiceal signs oc- 
curied at the beginning of an illness and initiated the fiist signs of a para- 
typhoid infection, (3) those in wdiich the general S3miptoms occurred first 
and somewdrere in the course of the disease the patient began to complain 
of pain localizing m the right low^ei quadrant He collected cases fiom the 
literature to illustrate these thiee difleient groups He also states that the 
paratyphoid organism is often found in the gasti o-mtestinal tract of noimal 
people in good health He quotes Woltson wdio made a careful stud3'^ of 
28 appendices, in five of wdiich parat3qihoid organisms w^eie found in the 
ivall of the appendix, although the ui me, blood, and stool of the patient were 
free of organisms This paper gives an excellent review^ of the different 
opinions on the subject and summarizes many of the cases reported in the 
foreign literature 
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Rammi^ summarized 349 autopsies of cases dying of t} phoid ie\ ei Three 
of these had perfoiated appendices In his own expeiience he had opeiated 
upon four suspected cases, but involvement of the appendix was found m 
only one of these In this case cultuies show'ed both a t} phoid and paia- 
typhoid organism 

In I 937 > Massabuau^'' cited thiee cases which he had obsencd, one, in 
a female, age 34, wdio had gieat distention of the abdomen with signs o\ei 
McBuiney’s point She w^as opeiated upon foui days latei and a subacute 
appendix w^as found with hypei plastic lymph follicles The patient died 
The second case w'as a giil, age 19, w'ho had been sick foi thiee 01 foui 
days with seveie diarrhea Because of the exlieme condition of the patient 
she was not opeiated upon, and died on the fourth day of the disease The 
last case was that of a girl, age 22, wdio had been sick foi thiee days with 
pain m the light lumbar region, nausea and vomiting She had acute tendei- 
ness ovei McBuiney’s point, wnth tenderness m the right foi nix upon \agmal 
examination She w^as opeiated upon the day of admission A subacute 
appendix w'as found All these cases occuiied m the couise of seveie typhoid 
fever 

Although a study of the moitality fiom typhoid fever in this countiy’'' 
show^s that by iigid health legulations and education the disease is being 
bettei conti oiled each yeai, we will still have to considei this complication 
There seem to be no cuiient statistics on paiatyphoid fever, but piesumably 
the ratio incidence follow^s that of typhoid fever Nevertheless, because of 
the gieatei number of cases of appendicitis complicating paiatyphoid fever 
lepoited m the past 10 yeais, it is a question wdiethei the paiatyphoid oigan- 
ism is less w^ell conti oiled 01 wdiethei the cultuial dififeiences w^eie not classi- 
fied in the eailier lepoited cases VVhatevei the answ'ei may be, it is certain 
that the complication of acute appendicitis must be boine m mind m the 
couise of both these feveis, as some of the moitality is piobably due to ap- 
pendiceal involvement In the case heiewnth lepoited, an infection by one 
of the typhoid gioup w'as not suspected until cultmal studies w'ere repoited 
by the laboiatory 

Case Report — E W , male, age 23, was first seen April 27, 1938, complaining of 
headache and pain in the abdomen around the umbilhcus, vhich had dc\ eloped tlirce or 
fom hours earlier while at work He had not vomited or felt nauseated PrcMOUs ins- 
ton was entireb’- negative except for sei'eral attacks of sore throat during the past jear 
and a tonsillectomj' several months ago He had not been out of the citj limits for o\er 
a iear On examination, Ins temperature was 100° F, pulse 90, respiration 20 Genera! 
examination was negatne except for the abdomen There was some tenderness m the 
left upper quadrant wdnch was not marked Otherwise the abdomen failed to show am 
localizing signs Rectal examination w’as negatue The diagnosis of appendicitis was 
suspected but was not warranted in mcw of the lack of signs He was advised to sta\ 
in bed and restrict his diet to liquids During the night the pain became more severe 
and his abdomen became distended He vomited once during the night He had a severe 
headache and had several attacks of diarrhea V'hcn seen the next dav, about 24 hours 
after the start of his illness, he had verv definite signs of acute inflammation in tlie 
right lower quadrant Tiie temperature was 102“ F, pulse 124, respiration 26 There 
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was rigidity of the muscle wall, together with diiect and rebound tenderness in the right 
lower quadrant Immediate operation was advised He was transferred to the Presby- 
terian Hospital, Newark, N J 

Opcialioti — The peritoneal cavity was opened through a McBurnej incision, and dis- 
closed a cloudy, milky, odorless fluid which did not seem typical of either a colon or 
Streptococcus infection A culture was taken The appendix was bulbous, covered with 
fibrin, wrapped m omentum, and showed a definite perforation at its base It was 
lemovcd and tlic stump inveited Iwo Penrose drains were inserted tbrough a stab 
wound, one being placed m the right colopanctal space, the other o^er the brim of die 
pelvis The abdomen was closed in lasers, three silkworm gut tension sutures being 
inserted The skin was approximated with clips after placing one rubber dam dram 
beneath the fascia He left the operating room in good condition He was given saline 
with glucose (5 per cent) solution intravenously eveiy six hours He was placed on his 
right side to promote drainage 

Postopc) ativc Cow sc — The abdomen became distended almost immediatelj after 
operation He complained of nausea Duodenal suction drainage througb a Levin tube 
was started, but it did not relieve the distention satisfactorily Tlie next day the abdomen 
was somewhat softer but still inarkedlj distended There was no rigidity or localized 
tenderness He had no vomiting and was passing flatus at inteivals His temperature 
continued to rise to 103 6° F on the third daj after operation, and then dropped to about 
the preoperative level His condition seemed fair, although he was weak and listless 
with many complaints Following a small transfusion on the third daj after operation, 
his condition seemed improved The wound was discharging thin, serous fluid During 
the next two or three days his temperature dropped slightly to 100° F , although his 
abdomen remained very distended, and he complained of severe “gas pains ” In spite of 
Levin tube drainage and low gljcerine encmata, the distention seemed not at all con- 
trolled Continued study was made to ascertain the causes of this distention and pain, 
and he was examined carefullj for signs of some localizing process No abscess could 
be found A report of the smear of the fluid from the abdominal cavity had shown cocci 
in pairs and chains, and gram-negative rods Cultures showed growth of nonhemolytic 
Streptococci and a gram-negative rod winch was to be subcultured The gram-negative 
rod on subculture was reported to be an organism belonging to the Salmonella (para- 
typhoid) group It was then recognized that the appendicitis was part of a paratjphoid 
infection 

On the seventh da^ after operation, he was fairly comfortable, his pulse had dropped 
to 70, respiration was normal, and the temperature was ranging between 1004° and 
59 4° F Many of his complaints were less severe and it seemed that he was improving 
gradually The next day, however, he had an elevation of temperature with an aggrava- 
tion of all his symptoms The temperature reached 104° F m the next 24 hours The 
pulse rose to 134 and the respirations to 40 The abdominal distention again became 
acute The next morning, the ninth day after operation, a rash was seen to be appear- 
ing over his body and bj that night he was covered thickly with a macular eruption 
The rash lasted for three days and as it disappeared his temperature and pulse rate sub- 
sided slowly again over the next five or six days At this time the operative wound 
was discharging thick greenish pus The rectal examination was negative On the six- 
teenth day after operation he complained of pain in the right shoulder and the right 
upper quadrant of the abdomen The distention increased again and the liver dulness 
was apparently higher than normal A roentgenogram taken at this time showed the 
right diaphragm to be high and, again, a localized collection of pus was sought below 
the right diaphragm His temperature rose to 103° F , pulse 120, and on successive 
dajs continued to “spike” each afternoon On the twenty-eighth day he had a chill 
with a rise m temperature to 105 5° F A needle was inserted in the right seventh 
intercostal space in the midaxillary line and introduced m several directions in an attempt 
to find pus None was obtained His abdominal distention was still acute, and it was 
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decided that because of the marked distention of the abdomen, the h\er had been pushed 
high under the right diaphragm into an abnormal position, thus accounting for the 
roentgenologic findings and the high liver dulness He vas gnen another small trans- 
fusion and seemed to improve following it He was not \omiting He was taking a sott 
diet, with extra carbohydrate feedings, w'ell During the next tw'O wrecks his tempera- 
ture gradually subsided His abdominal distention remained He was eating well and 
seemed to be gaining strength slowly A stool culture on the thirtj -third da> after 
operation was positive for members of the paratyphoid B group He was discharged 
from the hospital on the fifty-fourth day after operation, stool cultures haMiig been 
found negative twice in the interim 

Further laboratory data showed the urine and stool both positue His blood culture 
was negative He had a positive Widal for paratyphoid B White blood counts taken 
at intervals showed the highest count to be 11,400, 52 per cent polj morphonuclcar 
leukocytes, and the lowest count to be 9 100, wnth 67 per cent polj morphonuclear leu- 
kocytes Microscopic examination of the appendix show'ed the w'all to be necrotic and 
infiltrated with hemorrhage and polymorphonuclear leukocytes Pathologic diagnosis 
Acute gangrenous appendicitis wuth perforation The urine at the beginning of his ill- 
ness showed a trace of albumen, good concentration, occasional leukocytes, no casts 

On leaving the hospital he w'eighed 115 pounds During the past tw'O months 
he has gained 22 pounds and at present w’eighs 10 pounds more than his previous highest 
weight 

A study of the stool of the members of his family for possible carriers W'as made, 
and it was found that his sister had a positive stool culture for a paratyphoid B organ- 
ism At the time she had the positive culture, she w^as completely free fiom sjmptoms 
and was woiking daily She w'as isolated at home by the health authorities for six 
weeks, until twm negative cultures w’ere finally obtained During this time she had no 
symptoms referable to the disease 


SUMMARY 

Theie ate seveial points to be diawii from this case as well as fiom those 
lepoited in the liteiatuie 

(1) The lowf wdiite blood count with the lotv dififeiential count might be 
misleading unless the possibility of an associated disease process is kept m 
mind 

(2) The involvement of the appendix may appaiently occur at any time 
duiing the disease When it occuis eaily at the beginning of the illness the 
pictuie IS very confusing 

(3) The tieatment indicated is the same as that 111 other types of ap- 
pendicitis, VIS, opeiation It is as much a suigical emergency as a small 
bow^el peiforation 

(4) The incidence seems to be moie fiequenl m the past few }ears with 
paiatyphoid B oiganisms than wuth otheis of the t}phoid group 

(5) By beaiing in mind the possibility of appendiceal iinohement in the 
tvphoid group, some of the mortalit} may be eliminated 
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ADENOCARCIxNOMA OF THE TRANSVERSE COLON IN A BOY 

AGE FIFTEEN * 

OPERATION AND RESULT 

Constantine J MacGuire, Jr , M D 

Ni u LoiiK, N 1 

Case Report — Hosp No 2523-38 G P, white male, age 15, was admitted to 
the First Medical Division of Bellevue Hospital June 16, 1938, after having been treated 
in the Medical Clinic He gave a history of pain in the upper abdomen upon making 
certain movements of the torso Onset about fire weeks before admission He w’as not 
nauseated, had not vomited and had had no other difficulty The pain was dull and felt 
like a muscle cramp, it was transient in character He had no diarrhea or constipation, 
no jaundice, no tarry, clay colored or bloody stools His bow'cls moved regularlj night 
and morning He had lost about 14 pounds in six months Roentgenograms taken in 
the Out-Patient Department w’cre interpreted as indicating carcinoma of the transverse 
colon 

Physical Exammattoii — There was a hard, movable, nontender mass, about the 
size of an egg, just above and to the left of the umbilicus The rest of the examination 
was essentially negative 

Opeiation — July 5, 1938 (C J MacGuire) A very hard mass w'as disclosed arising 
from the middle portion of the transverse colon, as large as a man’s fist It w'as an- 
nular and partially obstructed the colon It extended to, and involved the greater curva- 
ture of the stomach, and a fistula had formed between the process m the colon and the 
process m the stomach There were many enlarged, edematous and moderately hard 
lymph nodes m the greater and lesser omenta and extending back to the roots of the 
mesentery The foramen of Winslow was closed bv adhesions 

In view of the involvement of the stomach and colon, the gastrocolic fistula and 
the imminence of more complete obstruction in the colon, resection cn masse of the 
stomach and colon was decided upon, m spite of the fact that the widespread hmph 
node involvement indicated very little chance of permanent cure 

* Presented before the New York Surgical Society, November 9, 1938 Submitted 
for publication December 28, 1938 
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Fig I — Appenrance of the gastrocolic fistula from the colonic side 

Accordingb , the distal two-thirds of the stomach and most of the transverse colon 
Avere excised, and the jejunum anastomosed to the open end of the stomach The 





Fig 2 — Appearance of the gastrocolic fistula from the stomach side 


hepatic and splenic stumps of the colon AA'ere closed and the sigmoid brought oAer and 
anastomosed to the first portion of the ascending colon side-to-side The abdominal 
Avound Avas closed Avithout drainage 
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Pathologic Examination — Doctor Bevaiis The growth was a typical adenocarcinoma 
of the colon, with direct extension to and with involvement of the stomach The cells 
were growing in wild profusion with very little uniformity The lymph nodes showed 
only a mild hyperplasia, and showed nothing suggesting malignant metastases 

After a couple of stornw days the patient made a smooth convalescence, and left 
the hospital on the nineteenth day postoperative, the wound having healed by primary 
union 

The case is presented mainly because of the age incidence Carcinoma 
of the tiansverse colon is quite lare at the age of 15 It is shown also be- 
cause of the satisfactory functioning of a side-to-side anastomosis bettveen 
the sigmoid and the ascending colon I do not think that the blind loops, 
either hepatic or splenic, will cause trouble as they dram by gravity and may 
be of some advantage in fluid absoiption as theie has been no diarrhea at 
any time since operation The patient has gained 27 pounds The prognosis 
IS, of course, ver}-- uncertain 


PRIMARY CARCINOMA OF THE COMMON BILE DUCT * 

RESECTION END-TO-END ANASTOMOSIS 

John H Garlock, MD 
New York, N Y 

FROM THE SCPOIC^L SEnnCE MT BIN KI IIOSPlTM, I, T 

Case Report — Hosp No 421221 H H, female, age 53, \vas admitted to the 
Medical Service of the Mt Sinai Hospital, March 10, 1938, with the history of three 
weeks previouslj', without any preceding s^mptoms, having vomited several times and 
having noted, the following day, itching of the skin, darkening of the urine, light colored 
defecations, and an increasing jaundice One week after the onset, she experienced an 
attack of severe, cramp-hke epigastric pain coming on after lunch, which lasted five 
hours There has been no pain since then She had never had a similar episode She 
had lost five pounds in weight Past and personal histones were negative 

Physical Examination showed an active, alert, middle-aged woman who was deeply 
jaundiced Heart, lungs and abdomen negative There was no palpable enlargement 
of either the liver or gallbladder The spleen was not palpable Blood pressure 126/80 
Laboiatoiy Data — Hemoglobin 99 per cent, white blood cells 6,700, polymorphonu- 
clear leukocytes 44 per cent, lymphocytes 43 per cent, monocytes 9, and esinophiles 4 
Stool examination Brown, guaiac negative, urobilin trace Galactose tolerance test, 
which was repeated three times, showed an excretion of 5 Gm Urinalysis Specific 
gravity 1022, negative for sugar and albumen Bile 3-f Urobilin to i/io No 
tyrosine Urea nitrogen 8, blood sugar 80, cholesterol 290, cholesterol ester 87, icteric 
index 21, bilirubin 3 0 Wassermann negative, van den Bergh direct, positive Takata- 
Ara 4-1- Total proteins 7 0 The sodium d-lactate test indicated liver damage 

It was the consensus of opinion that the constant urobilin in the stool, the absence 
of hypercholesteremia, and the liver function tests all pointed toward hepatitis as the 
cause of the jaundice rather than an obstruction However, at the insistence of the 

* Presented at the New York Surgical Society, November 23, 1938 Submitted for 
publication January 5, 1939 
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attending ph3'sicians, operation was undertaken This was performed March 24, 1938, 
aftei two prehminaiy transfusions of 500 cc of citiated blood 

Opciatton — Doctor Garlock Under ethvlene-ether anesthesia, an upper right rectus 
incision disclosed the liver enlarged to about thiee fingeis’ breadth below the costal 
margin Its anterior edge was rounded The viscus appeared normal except for a 
slightlj" greenish coloi and a faintli' mottled nutmeg appearance Duodenum and 
stomach were noimal The gallbladder was of normal consistency and partially col- 
lapsed Palpation revealed a thickening in the region of the common bile duct at its 
junction with the cystic duct It was the operator’s Prst impression that this repie- 
sented an enlarged lymph node, but it was thought advisable to demonstrate the gross 



pathology more definitely Accordingly, it was found necessary to dissect out the 
common duct m this situation There was disclosed what appeared to be a primary neo- 
plasm involving the common duct at the point of junction with the cystic duct There 
were no enlarged lymph nodes either visible or palpable Because the growth seemed 
to involve the cystic duct, utilization of the gallbladder for anastomotic purposes was out 
of the question A radical procedure was decided upon, namely, excision of a segment 
of the common duct containing the tumor together with the cystic duct and the gall- 
bladder in a block dissection (Fig i) 

Opetative Proceduic — The common duct was dissected away from the portal vein 
as far as the hilus of the liver Above the tumor, the duct was found to be considerably 
dilated and thickened Below the growth, it was collapsed and thm-walled During 
the dissection, an accessory cystic duct was demonstrated It apparently communicated 
with the right hepatic duct and was inserted into the upper aspect of the cystic duct 
below (Fig i) This accessory duct was minute and barely admitted the end of a fine 
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probe Ihe gallblacldei was dissected fiom its bed, the cystic vessels ligated and divided, 
and the coniinon duct cut across above and below the tumor, witli a wide margin of 
normal duct on each side of the tumor (Fig 2) The accessory cjstic duct was 
ligated, after an unsuccessful attempt to intubate it foi purposes of external drainage 
Ihe entile specimen was removed in one piece The remaining segments of the common 

duct were mobihred, and it was found that they 





could be brought together with verj little tension 
A T-tube was inserted and the divided duct repaired 
with mtciiiiptcd sutures of fine silk Two cigarette 
diains weie placed down to Morrison’s space and 
the w’ound was closed m la>crs 

Subsiquctit Com sc — Convalescence following 
this procedure was une\entful except for a rise in 
temperature of unexplained origin, to 104° F , oc- 
curring on the eighteenth dai The icterus index 
dropped to 2, and the stools became browm The 
T-tiibc was left m place and the patient was dis- 
chaiged on the tliirti -eighth postoperatne dav 
(Tig 3) 

PatUoloqti E\a)nnwltoii — Dr Paul Kleni- 
peici Path No 62336 The specimen show'cd 
the presence of an adenocarcinoma of the com- 
mon bile duct, w’hich also involved the cjstic duct 
at Its cntiance into the common duct (Fig 4) 

Follow-Lp — riie T-tube was removed June 2, 
1938 approximate!} tw'o and one-half months after 
the operation Ihe sinus tract healed in a few 
dajs The jiaticnt has remained w^cll since There 


— - has been no pam, jaundice, or temperature rise 

Tic 2-—Piinnr> Carcinonn of the Bow'cls are mo\ iiig 1101 luallv, and are of normal 

Common Bile Duct The tumor is in “ ’ , 

dicatetl it \ and extends into the cjstic coloi and coiisisteiic} There has been a gam ot 
duct The gallbhddei did not contain . 

calculi 25 pounds 


This patient is piesentcd foi a numbei of leasons Fust, too gieat leli- 
ance should not be placed upon laboiatoi}’’ tests in diffeientiating obstructive 
jaundice fioin jaundice of hepatogenous oiigin In this patient most of the 
laboiatoiy tests indicated that the jaundice was piobably due to liver damage 
lathei than obstruction Second, piimai)’- caicmoma of the common bile 
duct IS a laie condition, and, more lately, cannot be handled by ladical 
suigeiy at the time the patients piesent themselves foi tieatment Thud, 
to call attention to the fact that wide sections of the common duct may be 
lemoved and end-to-end sutuie peifoimed if adequate mobilization of the 
remaining poitions of the duct is earned out Fouith, to emphasize the fact 
that initial lepaii of common duct injuiies does not as a lule pioduce stiictuies 
such as aie encounteied following late secondaiy lepaiis 

Discussion — Dr Seward Erdman (New York) said, ivith regaid 
to the immediate lepaii by end-to-end sutuie, that he lecalled a case he had 
presented befoie the New Yoik Smgical Society, m 1932, at a peiiod of 
about five months aftei lepaii of a lesected duct Accidentally, at the first 
operation, 2 5 cm of the common duct was excised, but was immediately 
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lepaned b}'- end-to-end sutuie ovei a T-tube The patient last reported 
at the Follow-up Clinic in June, 1937, stating that he had had recurrent 
attacks of colangitis thioughout the five years, the first beginning five 
months aftei opeiation Foi two yeais they weie rather fiequent, but had 



Tig 3 — Cholangiograra following the injection lipiodol through the T tube, demonstrating the 
continuity of the common duct and its patenc> into the duodenum 


become less so Di Ellswoith Eliot, in 1936, assembled a total of ap- 
pioxiniately 180 cases in an aiticle on the late results of injuries to the 
common duct and its attendant repair, and classified them according to the 
type of opeiation undertaken The paper was read at a meeting and dis- 
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cussed by Walteis, of I he Mayo Clinic, who in discussing the paper, stated 
that, up to then, lie had had more than 40 cases Lahey, also, stated that 
he had seen moie than 20 cases, whicli met eased the total to 240 Despite 
nunieious opeiations that have been devised, many of which are very in- 
genious, the best lesults— and this is a qualified “best”— are obtained when 
It IS possible to effect an end-to-end sutuie The attempts to bridge over a 
duct defect with a T-shaped lubbei tube ot by a lubbei tube left in the 
duct, and even the hepatoduodenostomies show only a few successful cases 
that have lived 10 to 15 yeais Lahey stated that he had performed 14 im- 



Fig 4 — Carcinoim of the Common Bile Duct Microscopic section sho\Mng the fe’itures of an 

adenocarcinoma 


plantations of the sinus into the stomach, using the external fistula tract, 
but that 12 weie complete failures In the piesent case piesented by Doctor 
Garlock, the use of the end-to-end sutme gives promise of a good lesult 
The ordinary T-tube has the objection that when it is withdiawn, there is 
dangei of kinking of the duct at that point or fuithei teaiing McAithm has 
suggested the use of an L-shaped tube up the duct and the insertion of a 
small tube thiough the stem of the L which leaves the L thiough a hole at 
the angle and passes down into the duodenum It is a movable tube, per- 
mitting iriigation and cleansing of the duct In the case leported by Doctoi 
Erdman, in 1932, the T-tube was left m so long that it became necessary to 
operate again to remove it It had become blocked with calcium, causing 
an obstruction, in the sense that theie was a complete external biliary fis- 
tula, and no bile could pass into the intestines thiough the blocked tube 
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Dr Carl Eggers (New Yoik) said that Doctoi Gai lock's case was 
interesting not only from the standpoint of piesenting a removable primary 
caicmoma of the extiahepatic duct system, but also fioni the standpoint of 
technic employed, peimittmg a complete sutuie after lesection of the speci- 
men and mobilization of the common duct \^eiy few surgeons have a 
sufficient numbei of cases of this kind to diaw conclusions from their own 
mateiial, and have to be guided entirely by published results In looking 
ovei the Iiteiatiiie one finds that the lesion is encounteied rather infre- 
quently Shapiio and Lifoendahl, m 1931, repoited 15 cases of tumoi of 
the extiahepatic bile ducts obseived at Cook County Hospital, covering 
two and one-half yeais’ study of autopsy mateiial, of which three were 
benign and 12 malignant Marshall, of The Mayo Clinic, wiote a paper on 
“Malignancy of the Extiabiliai}^ System,” m 1932, and stated that m a series 
of 22,000 opeiations upon the biliai)'- tiact dining a 20-yeai period, 53 
cases weie encounteied, foui benign and 49 malignant They were dis- 
tiibuted in various portions of the ducts, including the papilla of Vater 
All cases weie pioved by pathologic examination 

The tieatment depends upon the location, as well as upon the extent of 
the giowth In the majoiity of the lepoited cases, eithei simple drainage 
of the duct above the obstruction was effected, or some form of anastomosis 
with the stomach or othei poition of the intestine Only rarely could a re- 
section be peifoimed The cases suitable for ladical extnpation have been 
carcinoma of the cystic duct or of the junction of the cystic with the com- 
mon duct, 01 of the common duct itself Carcinoma of the papilla of Vater 
has also been successfully removed Doctor Garlock’s case piesented one of 
these favorably situated tumors, and it was small and limited to the duct 
It emphasizes the importance of careful search m all cases of obstiuctive 
jaundice, foi it is conceivable that it may have easily been overlooked Doctor 
Gai lock’s lesection of the gallbladder with the cystic duct and a poition of 
the common duct including the tumor and a safe poition of duct above and 
below It, has permitted him to piesent to us a very interesting and instruc- 
tive specimen, one which it would be difficult to duplicate He has, m ad- 
dition to this, emphasized a point which perhaps none of us has sufficiently 
lealized, that it is possible to mobilize the common duct to the degree that 
was accomplished m this case, and peimit lesection and later suture of the 
two ends The ladical procedure employed and the present excellent con- 
dition of the patient would seem to wan ant a favorable prognosis 
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BOOK REVIEW 

SURGICAL PATHOLOGY OF THE MOUTI-I AND JAWS By 
Arthur E FIeri/'ler, M D Heit^lei’s Monogiaphs on Suigical Pathology 
1938 Philadelphia, Montreal and London J B Lippincott Co 237 pages, 
with 206 illustiations Cloth 

Wnii the appeal ance of this volume by Doetor Heit/lei, the authoi com- 
pletes a senes of ten monogiaphs on suigical pathology Ihe pieface lecalls 
vividly the geneial tenoi of his lecent delightful, entei taming, and instinctive 
autobiogiaphy, The Hoise and Buggy Doctoi 

The teim monogiaph is pccuhaily desciiptive of Doctor Heit/lei’s writings, 
as it essentially desciibes the chaiactei of the contents of his publications, m 
that they aie lecoids of his peisonally obseived cases He does not refei to, 
01 desciibe, cases 01 pathologic conditions which may have apjieaied in other 
tieatises, with which he is not famihai The lefei elites he quotes have, as he 
says, been collected foi him by an efhcient secietai}, and he acknowledges 
that he has not lead the oiigmal ai tides Possibly this fact rendeis the present 
text all the moie individual 

Clinical data and pathologic detail encountcied by a suigcon, latber than 
anothei specialist, aie well classified and have been expounded m a competent 
and most inteiesting fashion In icflectmg his clinical and opeiatiiig 100m 
expel lences 111 a field that not mficquentl} mciges into anothei specialist’s 
domain, the authoi, as usual emphasi/es the suigeon s self-ieliability as com- 
paied wnth laboiatoiy pathology Theie is no mention of tumoi giading foi 
piognosis, although theie is lecouise to fio/en section and usage of biopsy 
mateiial The detailed obseivations and assembled facts, togethei wnth matin e 
and ciitical comment, well establish the woilh of the volume 

The chapteis include lesions found oiiginatmg fiom the bps, mouth and 
tongue, gums, palate, nasophar} nx, laiynx, and of dentigeious oiigin Bievity 
in ceitam subjects is occasioned by a piactical attitude suigically and, possibly, 
by a paucity of fiist-hand case mateiial The text is embellished wnth numei- 
OLis illustiations, gioss and micioscopic, and all excellent Many of the gioss 
aie notable, as pathologic states of the mouth do not lend themselves w^ell to 
photogi aphy 

Whethei agieemg wnth all conclusions 01 coinpldining of bievity of subject, 
the readei wnll find both the clinical and pathologic data authentic and useful 
m a field that to-day is being legaided as less of the suigeon's and moie of 
the rhinolaiyngologist’s 01 dentist’s The book is highly lecommended to 
those specialists, the pathologist, and paiticulaily to the geneial suigeon 

Irving M Derby 


CORRECTION 

In the aiticle by Blown, James B The Utilization of the Temporal Muscle and 
Fascia in Facial Paralysis Annals or Surgery, 109, 1016-1023, June, 1939, the last word 
of the seventh line, page 1021, should be temporal, not masseter 
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TRANSACTIONS 

OF THE 

AMERICAN SURGICAL 
ASSOCIATION 

MEETING HELD IN HOT SPRINGS, VA 
MAY 11, 12, 13, 1939 

ADDRESS OF THE PRESIDENT 

THE DEVELOPMENT OF NATIONAL SURGICAL SOCIETIES 
WITH THE ADVENT OP MODERN SURGERY=^ 

Dallas B Phemister, M D 
Chicago, III 

Members of the Anieiican Suigical Association and Guests In open- 
ing the Scientific Session of this annual meeting I must fiist express my 
gieat appieciation of the honox of being chosen to serve as your piesiding 
officei Dm mg my 22 years of membeiship m this Association, I have 
attended all of the meetings except those of 1918 and 1926, at which times 
I was m Em ope The experiences which I have had dm mg these years m 
listening to the pi esentations, in occasional appearances on the programs 
and in paiticipatmg m the geneial fellowship of the Association are among 
the most tieasured of my professional career 

Foi a topic of discussion I have chosen the development of national 
^surgical societies with the advent of modem suigeiy It is hoped that m 
addition to the general inteiest which other societies may have foi us, then 
proceduies may be found helpful m outlining the course of oui own Asso- 
ciation 

There was little need for special surgical societies of national scope until 
the advent of antisepsis since the advances in smgery up to that time were 
relatively slow and its piactice was extensively concentrated m the large 
cities which were adequately seived by local societies Then, as progress 
almost overnight became exceedingly lapid, the demand aiose foi oiganiza- 
tions to meet the needs of the piofession of entire nations or of groups of 

* Read before the American Surgical Association, Hot Springs, Va, May 11 , 12 , 

13, 1939 
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nations with a common language Fust came the establishment of general 
suigical societies, to which this discussion will be limited, and then followed 
the societies of the suigical specialties as those fields weie developed 

The oldest existing national suigical oiganizations are the Royal College 
of Suigeons of Scotland founded m 1505 and the Royal College of Surgeons 
of England founded m 1800 But they diffei fiom surgical organizations 
which have followed outside the Bi itish Commonw ealth 111 that their primary 
function has been to serve as examining and ceitifying boards They have 
never conducted annual surgical congi esses for the discussion of scientific 
topics, then educational activities being confined almost entiiely to lecture- 
ships In consequence, the Surgical Section of the Biitish Medical Asso- 
ciation, established in 1867, became the important British forum for the 
discussion of modern advances in Suigeiy It remains an active organiza- 
tion with an annual attendance ranging up to 400 members A special surgi- 
cal society, The Association of Suigeons of Great Britain and Ireland, was 
founded as late as 1920, chiefly by the initiative of Lord Mo3mihan Its mem- 
bership IS limited to 250 surgeons, 200 of whom aie active members and 50 
associate members The}^ meet annually for three days the first \\eek in May 
111 one of the univeisity cities, every third meeting being in London Fore- 
noons are devoted to papers and afternoons to operations and clinical deinon- 
stiations Its membership is drawn largely from the suigeons of the teaching 
hospitals and there is little disci imination between general suigeons and surgi- 
cal specialists 

The first modern society for the suigeons of a nation, or better stated, for 
tire surgeons of any nationality using a common language, w'as the German 
Society for Surgery, established in 1872 Prior to that time the meeting 
place of German suigeons had been m the surgical section of the Society of 
German Natural Philosophers and Physicians It w^as eventually recognized 
as being inadequate for the needs of the growung specialty and at the annual 
meeting m 1S71, Gustav Simon took the initiative for the organization 
of a separate society Consequently, on the invitation of Simon, Langenbeck 
and Volckmann, a meeting w^as called for the followung April and the German 
Society for Surgery was formed It has ahvays met annually in Berlin 
for three and one-half days during the w'eek followung Easter Theie aie 
four forenoon, one evening and three afternoon sessions and the annual 
dinner 

The policy adopted for membership was very inclusive It -was to be 
unlimited in numbei , anyone specializing in surgery, using the German 
language and recommended by twm members of the society, was eligible for 
election subject to approval of the Executive Committee In consequence 
the membeiship grew rapidly from 81 for the first meeting to 651 in 1896, 
to 2,236 m 1914, and to 2,599 ^933 After that it had declined to 2,264 

in 1937, when the last statistics were published 

In contrast to this inclusive policy for membership, an exclusive policy 
for administration and piogram w'^as adopted and has been continued Langen- 
beck, the then recognized leader of German surgery, served as president 
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for the first 15 yeais, since which time the office has usually been occupied 
by one who has sei ved £01 one year only Dui ing the 68 yeai s of its existence, 
only three men have seived as secretaiy, to which office has been entiusted 
great lesponsibility m the selection of the piograms Guilt occupied the 
position for 28 yeais, Korte for 31 years, and Borchard has now seived 
for nine yeais 

All endeavoi is made to obtain foi the piogram each year the most im- 
poitant advances m the entire field of surgeiy, which are piesented to the 
society meeting as one body Theie aie usually 75 to 85 speakeis The 
presentations aveiage ten minutes 111 length with the exception of ceitam 
special disseitations, which are longei Discussions aie numeious and ciiti- 
cisms fiee The transactions weie issued as separate publications, for the 
fiist 50 years, but have since appealed annually in one volume of the Aichiv 
fui klimsche Chirurgie 

The influence of the German Society foi Surgery on surgical piogiess 
has been enormous In the first place, it has leached a gieat many peisons 
Because of its inclusive policy, its membeiship and the attendance at the 
congresses have been large, including many surgeons fiom states adjacent 
to Geimany Because of its lengthy piogiams and of the pieference given 
to oiiginal woik, irrespective of whethei accomplished by one of the younger 
or oldei members, a lemarkably high percentage of the advances which the 
German speaking peoples have made 111 suigeiy have fiist been piesented 
at these annual congi esses This fact is obvious to anyone \\ho examines 
the Transactions, which have been widely lead, 01 who reads Fiiediich 
Tiendelenburg’s “The First Twenty-Five Years of the German Society for 
Surgery ” At the same time, the scholai ship of the pi esentations has been 
of an order that had sei ved well to popularize the recent advances made else- 
where It is safe to say that by pui suing the path advocated at the begin- 
ning, its large membeiship and extensive piograms of high quality have 
led to much greater accomplishments on the part of its members and to much 
greater influence on German and world suigery than would have lesulted 
from pursuing the path then advocated by Billioth, who piefeired a small, 
intimate body which would issue no publications 

Surgery m Fiance long centered to an unusual degree in Pans The 
Royal Academy of Surgery, of glorious memory, existed fiom 1731 to 
^ 793 > when it, along with the othei academies, was oveithiown by the 
1 evolutionists with the famous explanation that “Fiance no longer had need 
for men of learning ” There was no further organization until 1843, when 
the Society of Suigeiy of Pans was foimed Its success fiom the fiist was 
great, but with the advent of the new era it is commendable that its own 
members took the initiative in the establishment of the Fiench Suigical 
Association m 1884 The stated aims of the Association weie “to advance 
the science of surgery and to establish scientific bonds between the savants 
and the practitioneis of surgery” Membership was to be inclusive, and 
was made open to all Fiench speaking suigeons regardless of nationality It 
provided foi a congi ess lasting six days which has been held annually m Pans 

483 



DALLAS B PHEMISTER Annalsorsurdcrr 

October 1939 

cluiing the first half of October Two hundred fifteen members were elected 
at the fiist congiess and the number increased rapidly so that for several 
years the membership has been m the vicinity of 1,200 

The sessions aie held dm mg the afternoons, the foienoons being prin- 
cipally devoted to attendance at clinics At each of three sessions, the dis- 
cussions aie limited to two topics, usuall}'^ 1 elated An essayist is chosen for 
each topic one yeai 111 advance and his piesentation is usually lengthy 
and scholarly Then follow numeious shoit, piepaied discussions, some- 
times totaling 20 111 numbei At the other thiee sessions, miscellaneous 
papers are presented fiom the general field of suigeiy and its specialties 
The congress has been an impoitant implement for dissemination of surgical 
knowledge especially m France and the other Latin countiies A volume of 
transactions is published annually 

The Italian Surgical Society was foimed in 1882, along lines somewdiat 
similar to those of the Geiman and Fiench societies Its annual meetings 
are held in Rome dining the month of October In 1937, its membership 
had growm to 721 

Surgical societies similai to those of Germany, Fiance and Italy have 
been established m most of the other states of Em ope and in South America 
and Japan Since laige inclusive medical societies like the American, Canadian 
and British Medical Associations, with then sections on surgeiy, do not 
exist m other countries, their large smgical congresses aie of great national 
impoit for progress in surgeiy 

In the United States and Canada, a mixed couise has been pursued as 
compared with Great Britain and continental Europe /V Section on Sur- 
ger}"- of the Ameiican iMedical Association has existed since i860, and the 
attendance at the sessions in recent years has averaged more than 1,000 
members A suigical section has existed in the Canadian Medical Asso- 
ciation since 1869, and recent attendances have leached as high as 300 mem- 
bers, when the meetings have been held in the laige eastern cities These 
sections have played an impoitant pait in the dissemination of knowdedge 
to the general body of surgeons of the twm countries 

Contrary to the situation m othei parts of the ivoild, tw^o societies, the 
American Surgical Association and the American College of Surgeons, have 
come into existence to meet the special smgical needs of the United States 
and Canada This resulted piincipally fiom the couise that has been pur- 
sued by the American Surgical Association since soon after its establish- 
ment The original plan, as review^ed so dramatically tw^o years ago in 
the “dialogue” betw^een President Evarts A Giaham and Founder Samuel 
D Gross, appears to have been for a large society somewdiat similai to 
those which have developed in Europe Its meinbeiship was limited to 100 
at the time of formation in 1880, and there were 91 fellows at the time 
of the first scientific meeting in 1882 But, the advisability of making it 
easy to enlarge the membership was immediately realized, as Doctor Gross 
stated in his opening presidential address, in 1883, that the Council was 
recommending an increase from 100 to 150 fellows to be voted at that meet- 
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ing The iiieasuie was appaiently adopted but after the letiiement of 
Doctoi Gross the policy of expansion into a laige society as suigeiy grew 
was not puisued and the limit for active membership lemamed as low as 
150 until 1934 when, as a lesult of lepeated appeals for enlaigement, pio- 
vision was made to mciease it giadually ovei a period of five years to the 
piesent number of 175 

As a lesult of this extiemely consei vative, almost inflexible, policy with 
leference to membeiship duiing a 51 -year peiiod of unpiecedented giowth 
in population, m suigery and m number of surgeons, the Association giadually 
became more and moie exclusive This left an evei inci easing demand foi 
a suigical oigaiiization to meet the needs of the large number of suigeons 
who weie not being adequatel)^ caied for by the surgical sections of the 
American and Canadian Medical Associations 

Franklin H Mai tin, seeing this golden oppoitunity, started the Clinical 
Congiess of Suigeons 111 1910, and, m 1913, oigamzed out of it the Ameri- 
can College of Suigeons It was started with 1,064 fellows and the number 
was lapidly mci eased until at the piesent time it amounts to 11,639, repre- 
senting all fields of surgery, gynecology and obstetrics In proportion to 
the numbei of physicians 111 the two countiies, the membership from the 
United States is about twice as numeious as that from Canada It serves 
both as a ceitifymg body, by the gi anting of fellowships, and as an educa- 
tional body through its annual five-day Clinical Congress, its sectional meet- 
ings and Its publications Both functions are definite drawing cards foi 
membership and theie is an average attendance at the annual Clinical Con- 
gress of about 3,000 fellows 

Since the American College of Suigeons and the American Surgical 
Association aie now both well established societies, they should be continued, 
each to seive the pui poses for which it is best adapted The Ameiican Col- 
lege of Suigeons, in addition to othei functions, should aim at impaiting 
knowledge thiough its congi esses to a large body of the surgical profession, 
collecting its tendency to be too inclusive, so that it will not foster the 
performance of surgeiy by some who are inadequately qualified On the 
othei hand, the Ameiican Suigical Association, which is now destined to 
remain a relatively small 01 ganization, should only admit to fellowship 
those who aie engaged moie specifically in the advancement of the science 
and the art of suigery Most men of this class aie connected with medical 
schools, but all should be included who demonstrate their ability to make 
significant conti ibutions to suigery whether by clinical or laboratory investi- 
gation, and whether they aie connected with teaching 01 nonteachmg institu- 
tions With such a 1 epi esentatioii, it would be possible, at the annual meet- 
ings, to piesent the great majoiity of the advances made in surgery in the 
two countries to a gioup who, m tuin, would make the gieatest use of the 
information gamed 111 piactice, teaching and lesearch In other words, the 
Association should operate as a forum which fosteis surgical education and 
research throughout the United States and Canada 

It might be said that this has been the end for which the Association 
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has always stnven The Constitution states “The object of this Association 
shall be the cultivation and impioveinent of the science and art of surgery, 
the elevation of the medical profession and such other matters as may come 
legitimately within its spheie" But the Association does not function m 
these respects to the extent that it should in view of the significant name 
that It beais The mam reason for this is that the limited membership ex- 
cludes too many of the ever inci easing numbei of surgeons who are qualified 
to take pait in the piograms and who should profit by its proceedings To 
lepeat what has often been pointed out, the competition is so stifif that men 
aie usually not elected to fellowship until they are matin e surgeons unless 
they have accomplished outstanding investigations The age limit is 30 years, 
but at piesent the youngest fellow is 38 years old and the average age of 
the active fellows is 53 9 yeai s That means that most of the presentations 
aie of a sound and reliable nature, emanating fiom men of seasoned judgment 
and accomplished suigical technic This type of work should always com- 
prise a laige pait of the progiam But most contributions that are notable 
foi their fundamental oiigmality, whether 111 the field of clinical or laboratory 
investigation, come from the younger surgeons, the majority of* whom are 
now automatically excluded fiom fellowship The present arrangement, 
wheieby some of them appeal on the piogram by invitation either as co- 
author or alone is helpful but is no real solution of the problem 

Also, the influence of the Association on the medical schools is not as 
widespread as it should be Theie are 66 medical schools in the United 
States classified as acceptable by the American Medical Association, and 
nine medical schools 111 Canada Of these, 27 111 the United States and seven 
m Canada have no faculty membei who is an active fellow of the Association 
No plea is made foi a wholesale admission of the teachcis of these medical 
schools or of those schools which already have 1 epi esentation However, a 
survey would undoubtedly disclose many suitable candidates in both groups 
The matter of sectionalism calls for discussion in this connection The 
older, more prosperous and more densely populated sections are, in general, 
the seats of the bettei suppoited and moie fully developed institutions, whose 
staffs have the gieatest representation in this Association But the neiier 
and less densely populated districts must maintain institutions to serve their 
own needs and this they usually do as efficiently as their means permit If 
the influence of the Association is to be disseminated as widely throughout 
the two countries as should be the case, somewhat greater allowance should 
be made for handicaps of these sections than is now made, and fellowship 
should be extended to moie members of the staffs of their institutions than 
would be granted to those of similar accomplishments in more advantageous 
communities The Association would then assist, more than at present, m 
elevating their standaids It is noteworthy that eveiy medical school of 
any important European country has faculty representation m its national 
surgical association and that eligibility usually extends to those of the lower 
ranks 
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Since the mam purpose of the Association is the advancement of suigeiy, 
it should not shut itself off too much from the lest of the suigical world 
If the advancement of the fellows themselves should evei become too promi- 
nent an aim, it might be accused, as was the Royal Society of Physicians and 
Chnurgeons of London just before its demise in 1905, of existing moie foi 
the exclusion than foi the election of membeis 

Obviously, if more men aie to be admitted fiom the laiiks of the educators 
and mvestigatois m surgeiy, the limit on membership in the Association 
will have to be appiopi lately inci eased and kept leadily flexible With the 
expressed goal of the Association kept fiimly 111 mind, it would then be possible 
in the course of a few yeai s to bring up the membership to a point of maximum 
efficiency In older to adjust foi the increased number of suitable papeis 
that would be offered, a considerable piopoition of them might be limited 
to ten minutes, as is the case with many special societies In many cases 
all that is essentially new about presentations may be given befoie an audi- 
ence of specialists in the field m ten minutes With such an aiiangement, 
even with the piesent fieedom of discussion, it would be possible to present 
at least 45 papers during three full days instead of 32 as at the present 
meeting 

It IS worth Avhile for us to glance at what is being done coiiespondingly 
by our colleagues m the field of mteinal medicine The youthful Ameiican 
Society for Clinical Investigation with 200 members, and the Association 
of Ameiican Pltysiciaiis with 225 members, meet annually the fiist week 
in May at Atlantic City, the foimer for one day and the lattei foi the two 
following days Theie is an extensive overlap in membeiship and m attend- 
ance of the two coordinated societies Also, the meetings aie open and in 
a laige hall so that a great many nonmembers, mostly young and attached 
to depaitments of internal medicine, are w^elcome and privileged to be pres- 
ent There aie piesented 25 to 30 ten-mmute papeis, pimcipally of expeii- 
mental work, by the Society for Clinical Investigation, and 45 to 50 fifteen- 
minute papers pimcipally of clinical woik by the Association of Ameiican 
Physicians By this aiiangement about twice as many papers are presented 
in the three days before thiee or four times as many peisons as m the 
meetings of oui Association 

The American Surgical Association has maintained a standaid of in- 
tegrity for membeiship which is one of its finest tiaditions It is w^ell ex- 
pressed by the motto selected by Malgaigne for the Society of Surgeiy of 
Pans “Truth in the science, morality in the ait,” and it should be safe- 
guaided in any policy of futuie expansion I w^ant to conclude wnth my 
conviction that If piovision w’^ere made foi pioper gradual enlargement of 
the membeiship, to comply with the available talent, the Association would 
enter a period of growflh m which it would maintain its tradition for excel- 
lence of pel forraance, stimulate more fellow^s to increased pi oductivit}"', and 
steadily wuden its much needed influence m the entire world of surgery 
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HEPAIR OF CRANIAL DEFECTS BY CRANIOPLASTY ^ 
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AND 
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Philadelphia, Pa 

'^Tiie earliest instance of cianioplast}'^ in man to which lefeience can be 
found IS a case leported J van JMeekren, in 1670, m which a bone from a 
dog was used to successfully lepaii a cianial defect 111 a man The graft was 
successful, but was lemoved because of the opposition of the Chuich to the use 
of an animal’s bone in “mairing God’s image This case was lepoited by 
Giekov, m 1901, and is quoted here fiom Panki atiev'**’ (1933), the original 
literatuie not being available 

v/Ovei 200 years passed before any othei lepoits of plastic operations pei- 
foimed upon the skull weie published Dining this inteival much work on 
bone giaftmg in geneial had appeared''^ With the woik of Ollier,”® in 1859, in 
giafting bones fiom one animal into anothei, all the infoimation necessaiy for 
the satisfactoiy lepair of cianial defects was available Seveial decades passed 
before it was used '^Macewen^” lepoited the leimplantation of antiseptic bone 
fiagments into the cianial defects from which they neie lemoved aftei the 
defect had been cleaned up and the fiagments tieated with bichloiide of mei- 
cuiy'^He had used this pioceduie since 1873 ''’dh fair success'^ The same 
year BurieP” and Gueiix lepoited the implantation of bone buttons follow- 
ing trephining, Guerix on animals and Bun el on a human The next yeai, 
Gerstem'*'* used Macewen’s method successfully in one case and BallorF des- 
cribed the satisfactory outcome of a case m which he leimplanted the tiephine 
button Senn,^^^ repoiting on the use of antiseptic, decalcified bone to repan 
defects, made the statement that this method was excellent foi the lepair of 
cianial defects but gave no cases The cases that he desciibed all followed 
osteomyelitis elsewheie m the body 

NySeydel,^^” in 1889, repoited a case of depressed fiacture of the left parietal 
area m which, after the fiagment had been lemoved, the defect was repaired by 
a graft several millimeteis thick chiseled fiom the tibia with the periosteum 
intact>/This giaft was placed in saline, divided into pieces, and placed on the 
dura m a mosaic with the peiiosteum downwaid The aiea was covered with 
a dry iodoform and bichloiide diessing and then with silk On the fifth day, 
the graft seemed healthy and closely adheient to the dura, the whole suiface 
being pink At this time the skin was closed \^he patient made an uneventful 
lecoveiy With the lepoit of this case the piesent day technics of plastic 
closure of the skull started 'A^on Jacksch”^ felt that the drawback to Seydel’s 
method was the necessity of two operations upon the same patient He re- 
* Read before the American Surgical Association, Hot Springs, Va, May ii, 12, 

13, 1939 
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poited a case in which a goose skull tieated i\ith ethei and bichloiide of mer- 
cury was used to fill in a cianial defect The lesult was a solid, but slightly 
depressed, aiea 

c^W Mullei,'*'* m 1890, outlined a case 111 which he lepaiied a skull defect by 
taking a flap of skin, pericianium and outer table and swinging it into the de- 
fectMn a mannei similai to the old method for the leconstiuction of the nose 
that had been known and used in India for centui les Konig,*^® a little latei m 
the same yeai, advocated the use of twin flaps One flap contained the skin 
and what was left of the peiicianium fioin the site of the defect and the othei 
the skin, peiiciamum and outei table taken fiom an adjacent aiea m such a 
way that the bases of the flaps weie opposite to each othei and they might be 
tiansposed The flap with the outei table then coveied the defect and the skin 
flap filled 111 the aiea fiom which the outei table had been lemovedv The small 
openings left by the tiansposition of the flaps weie closed by Tiersch giafts 
This seemed to be a veiy adequate pioceduie foi the lepaii of small defects 
but was not sufficiently elastic to be applicable to laige ones It is mteieslmg 
to note that in this same papei he suggested that when tiephmmg is necessaiy, 
a flap of skin, peiiosteum and outer table be foimed The tiephme opening is 
made m the innei table and latei coveied with the outei table and skin as the 
flap IS sewn back into place This was piobably suggested by the woik of 
Wagnei^^'^ (1889) on osteoplastic craniotomy 

./In 1891, von Hinteistoissei’’® lepoited a case of tiaumatic epilepsy with 
a cianial defect that he lepaiied with celluloid Von Fiey,"*- m 1894, le- 
poited a case successfully closed with a celluloid plate and finally, 111 1895, 
FiaenkeF® leported his woik on closing cianial defects with celluloid plates* 
and cited tin ee cases, one with a follow-up of tin ee-quartei s of a yeai , anothei 
died following the implantation of a celluloid plate in a wound that was in- 
fected before opeiation and not eiitiiely healed at the time of the opeiation 

Kummell,"'’ in 1891, made use of the method of Senn (1889), employing 
decalcified bone He stated that he obtained good results but gives no sta- 
tistics 

Schonboin,^^'^ 111 1891, leported a case done by Konig’s method in which 
he was able to fill in a defect that measuied 14x3 cm A year latei, Tietze^-^ 
(1892) desciibed a case in which he lepaiied a defect by Konig’s method but 
gives veiy little infoimation 

^ In 1893, Booth and Cuitis^** lepoited the fiist attempt to fill a cianial de- 
fect by means of a metal plate They used aluminum''^ The patient died ten 
days after opeiation 

Beck,’’^ 111 1894, outlined a case done by the Konig method and anothei 
done by a number of methods that all failed, although the patient finally had a 
spontaneous legeneiation of bone Czeiny,-’ m 1895, lepoited that he had 
not had any success with celluloid plates, and that he had had ti ouble with one 
plastic of the Konig type because the patient had not had any diploe One 
case done with a tibial giaft was well aftei two years One of the grafts in- 
ti oduced by the method of Konig had to be lemoved 18 months after operation 
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for anothei cause It was found that the giaft had foimed a new innei surface 
In the same yeai, von Eiselberg^® leported eight cases, in five of which he 
used the Mullei-Konig technic All veie in good condition two years later 
Of thiee that weie done with celluloid, two weie in good condition one and 
three-quai ters and f oui and one-half years later, while one still had a fistula at 
the end of foui years He discusses the indications for this opeiation in cases 
of postti aumatic epilepsy, stating that although he had had no complete cures, 
most of the patients weie benefited, some gieatly, and that he feels it to be 
indicated in cases of focal epilepsy as well as in cases where pain is a large 
factor Nicoladoni,”” in 1895, lepoited a single case done with the Mullei- 
Konig technic, which he modified by sawing the graft off after he had chiseled 
a gioove aiound the aiea that he wnshed to lemove He felt that this avoided 
the cracking of the graft that occuis wdien it is lemoved wath a chisel and 
gave a solid giaft that w'as prefeiable 

Gerster'^^ (1895) lepaiied a defect of the skull wath a thin gold platiT 
The case w^as followed foi tw'o and one-half yeais, at wdiich tune there w'as no 
demonstrable leaction to the metallic graft, and it w^as satisfactoiy 111 all ways 

^LinlJ'^ (1896) desciibed thiee cases of celluloid cianioplast>v wathout 
adequate follow'-up, and concluded that this method is advantageous for the 
closuie of large cranial defects 

Berndt,® (189S) lepoiting seveial cases done by the A'lullei-Konig or tibial 
graft technic, had been able to follow one case of tibial graft that w^as in ex- 
cellent condition aftei six years 

Grekoff"*" (1898) used a technic developed by Baith® (1896) in closing 
twm defects wath mcineiated bone wath appaient success, although the fol- 
low-up IS not adequate 

^Von Hackei,^^ 111 1903, outlined a new^ method for the lepair of defects 
He cut ai ound pai t of a pei icranial flap, chiseled off the outei table under this 
flap, leaving it still attached to the flap, and then turned the flap ovei 180 
degrees so that it came to he ovei the defect wath the bony side uppermost 
He repoi ted two cases done by this inethod'^nd feels that it w'^as applicable in 
many cases wheie the Aluller-Konig method could not be used ^ In the same 
year, Bunge,’^*’ in Gaiie’s Clinic, lepoited twm cases that were repaired by 
periosteal osseous flaps that weie so placed that they could be swaing into the 
defect without turning them ovei, thus leaving the periosteal side outermost, 
and stitching it to the suiiounding peiicianiumv These cases w^ere follow'ed 
for 10 and^iq ‘months and w^eie solid and smooth when last seen He also 
detailed the case of a patient whose defect was lepaiied by a fiesh osteo- 
periosteal graft fiom anothei patient The giaft was good thiee years later 
Keen,®® in 1905, recommended the use of bone chips fiom the surrounding 
bone to fill in defects, and leported a case in which satisfactoiy lepair was 
obtained in this wayv/ 

^ Stieda^^“ (1905) desciibed eight cases that were adequately followed 
Two patients had two operations Six Muller-Konig cranioplasties w^eie all { 
in good condition at the end of periods varying up to five years "^One showed 
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a small depiession but it was solid One case was cuied of epilepsy One 
repair, done by the von Hackei technic, was satisfactory foi some time (^) 
following opei ation One, done by the technic of Gai i e, was m good condition 
after foiii yeais One case, lepaired with a piece of boiled bone, developed a 
fistula after nine months and was leopeiated The defect was lepaiied by a 
tibial graft Five yeais later this was solid, though the patient complained of 
occasional headaches 

^^BlecheF® (1906) wilting of celluloid ciamoplasty, repoited a case of his 
own and collected ii fiom the hteiatuie^ four of which had been unsuccessful 
In the same yeai Borchaid^® reported thiee cases of ciamoplasty one with the 
pericranium alone was unsuccessful , one with von Hackei ’s method with the 
peiiosteum iniieimost was solid hut some spins had developed ovei the giaft 
Eight cases of osteopeiiosteal flap, aftei Gaiie (Bunge), were all successful 
Pimgle^®'^ desciibed six cases of celluloid ciamoplasty, and found that they 
weie unsatisfactoiy, one because of sepsis 
v-Tn 1907, Sohi,^^^ fiom Gaiie’s Clinic, leviewed their lesults to date and 
gives the work of Gaiie in moie detail He repoits seven cases in which 
vaiious kinds of osteoperiosteal giafts weie used In five, either one 01 two 
flaps from the outei table of the skull weie moved into the defect In one 
case, the graft was cut entiiely fiee fiom the peiicianium and stitched into 
the defect — this is the eaihest lecord that we find of this type of opei ation 
that is now 111 common usage One case was lepaired by a sepaiate osteo- 
periosteal graft of the outei table that was stitched into the defect with the 
bony side uppeimost He states that Lyssenkow developed the technic of turn- 
ing the giaft 180 degiees so that the bony side was outei most and that von 
Hacker did this later He quotes woi k by Dm ante that ive have been unable 
to find in the literatuie up until 1922, although refeiied to by other authors 
without adequate 1 eference 

' 'A case repaired with an aluminum plate was repoited by Elsberg,®^ in 
1908 

Leotta,'^^- in 1909, desciibed a method that was adopted fiom Duiante’d 
technic of osteoplastic craniotomy The whole thickness of the skm is taken, 
having attached to its under surface sliveis of the outei table picked up by 
chiseling undei the peiicianium The flap with these slivers attached is then 
freed at its base and displaced so that the poition containing the sliveis of 
bone come to he over the cianial defect He states that one advantage of this 
technic is that it can be adapted to larger defects than the methods of von 
Hackei and Gaiie 

'FRighettd*^^’ modified the methods of von Hacker and Durante by taking 
a periosteal flap with bone sliveis attached and turning it 180 degrees to cover 
the defect He lepoited five cases, using this method, that were in good con- 
dition fiom one month to six months aftei operation 
'^In 1916, Axhausen- letuined to the osteoperiosteal graft from the tibia 
which he wedged into the defect with fingei piessure"' His conclusions fiom 
27 cases weie that this method was better m every way than the Muller-Konig 
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"Delageniei e-'* perfected the technic of osteoperiosteal grafts from the tiiiia , he 
cut his giafts thin and put them ovei the defect, between bone and pericranium 
with the peiiosteum outeimost Occasionally he used a second layer placed 
m the defect with the peiiosteum toward the duia so that both sides of the 
) lepaned area were smooth 4 n a number of papers, from 1916 to 1935,^” he 
leported 104 cases with two failures, one of which ^\as successfully reoperated 
^In 1915J Morestm''® desciibed the use of cartilage foi the repair of 
cranial defects "He took his giafts fiom othei patients for the most part, and 
repoited no difficulty arising because of this A yeai latei. Cosset*® detailed 
32 cases done by this method, 111 which theie were two deaths, both from 
bionchopneumonia lie placed the perichondial side inneimost and held the 
graft 111 place by sutuies Other cases done with cartilage have been outlined 
by Auviay,*^ Leo,'** Peiaire,***® Villandic,*-"' Laquiere,'^^ Chutro,-- 
Leiiche,’^® Boinet,*- Gilmoic,"'® Beguoin,® Wilson, Coughlin,-® Han- 
son, Muni oe,®’’ Julhard,®® and Termiei 

'■ Mayet, ®® in 1916, again used a method of osteoperiosteal graft 

fiom the skull, a flap that was turned 180 degiees and stitched in place by wire 
or catgut He felt that this method was much easier than any of the others, 
and 1 eported 43 cases w ithout adequate follow -up v Ca/un,-^ the same year, 
operated upon 30 cases by a method in wdnch he took a graft of skin, pericran- 
ium and outei table, 01 only pericranium and outer table, on a very long 
pedicle or with tw'O pedicles and swuing it into place wuth the bone side dowm'' 
He states that the nouiishment to this l}pe of giaft wms adequate and probably 
better than that of the othei methods 

Peraire^®^ (1916, 1917, 1919) described 29 cases done wntb various 

methods, and got good results in all of them 
yEstoi®® (1916, 1917) lepoited 100 cases of cranioplasty wuth gold plates ^ 
Twm cases died of infection and two weie nifected and the plate had to be 
removed In the septic cases, the plates wmie found to be in good position and 
firmly fixed He found the patients liked the gold plates 

Villandre, m a series of papeis in 1916 and 1917, detailed 

130 cases of cranioplasty done by different methods He had his best results 
with osteoperiosteal grafts from the tibia Less success follow'ed in the cases 
that were repaired by placing^^alciuni paste in the defect, hoping that the 
presence of the salts would'act as a stimulant to new’^ bone formation, as indeed 
was the case m half of the patients 

-V In reporting 10 cases of repair wuth osteopei losteal flaps from the skull, 
PflugradP®^ (1916) used the galea as part of the flap in four cases The 
reason for this is not clear, unless it is that he used this method in larger flaps 
One would think that the circulation of the skin would be badly interfered 
with, but his follow-up on these cases makes no note of this 

Westermanffi®® (191b) recommended the use of the sternum as a graft for 
skull defects'^’ 

Babcock® (1917) used soup bone to lepaii defects He was able to follow 
two cases for two years, at which time they were m good condition This 
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method had been used befoie by Villandie and otheis Villandie lepoited 23 
cases^wilh fotii failuies, he used both human and animal bone 
''^In 1917, BioAvn^’'^ lepoited on the use of nbs m the lepair of skull defects 
He used only the outei half, leaving the innei half still in place The notes on 
his cases aie not adequate to judge his lesulls, but heie was a new method 
that gave piomise of being veiy useful in the lepaii of laige defects 
v/In 1917, A Hofman'''^ modified the technic of osteopei losteal flap giaftmg 
by cutting an extia laige piece of peiiosteum, pait of which he folded aiound 
the bone fiom the outei tabid "" Just what he hoped to gam by this is not quite 
deal The viability of the bone might be impioved m this way, but it would 
seem to be an efflcient baiiiei to any fusion of the giaft to the edge of the 
defect He gave no follow-up on any of his cases 

v^'^Moiison*’- (1917) lepoited 12 cases of tibia giafts in which the giafts weie 
set into a slot cut m the edge of the cianial defect v 
V In a senes of papeis by Siccaid, Dambnn and Rogei,^^’^ fiom 1917 

to 1919, and, latei, Dambnn and Dambnir® (1936), the use of cadavei skull 
foi cianioplasty was lepoited and 120 cases collected v The chief factois of 
impoitance weie that they tieated the bone with sodium caibonate and heat, 
then Avith xylol, then Avith alcohol and ethei and finally stenhzed it by heat 
The bone was 1 educed m thickness until only the outei table 1 emamed and w as 
then peifoiated fieely Then lesults Aveie veiy satisfactoiy 
vTii 1920, Kieidei®'* descnbed an mteiesting method of cianioplasty that 
has a limited scope At the time of mjuiy, he takes the fiagments of bone 
lemoved fiom the depiessed fiactme and tucks them undei the skin of the 
abdomen Then at a later date, when the scalp Avound has healed and the 
bone pi oven to be fiee fiom infection, he tiansplants it back into the defect c 
MacLennan®® (1920) detailed the use of paits of the scapula, noting that, 
by taking a piece fiom the infiaspmatus fossa the full thickness of the bone, 
a giaft is obtained that has peiiosteum on both sides and is still faiily thin 
Saito,^^“ in 1925, lepoited tAvo cases done in this Avay In 1921, PickeiilP”^ 
descnbed a smiilai technic using pait of the ilium 

x/CoinioI}^-^ (1929) outlined the use of a platinum plate that stayed m place 
foi 14 months Avithout any sign of reaction Llnesma-Uianga'^® (193d) le- 
poited the use of silvei Avne AAmA’^en into a mesliAvoik to fill m defects 

Fagaiasano,'^'^ in 1937, descnbed the use of split nbs as giafts He places 
them so that the noi mal cm vatui e is iiiAvai d 1 egardless of Avhich side the pei - 
losteum lays and places them m small slots in the bone, stitching them m place 
by using the peiiciamum 

Othei authois aaAio have used boiled 01 cadaA'^ei bone aie Bomet,’^ 
Pankiatiev,*’^ and Guidjian Celluloid Blecher,^° Pringle,^"" and Eidheim 
Flesh bone fiom othei patients Rochei Osteopei losteal fiom the skull 

Le Fui,’^“ Fiaziei and Ingham, Coleman,-'^ Dieveimann,®- Sudhofl,^-* 
BoAvei,^® Kafei,''* Juvaia,®^ Tones, and Guidjian^*^ Osteopei losteal from 
the tibia Nesseliode,*’® Gilmoie,^® Begoum,^ Keii,'’’’^ Rocher.”® YoungJ” 
DieAi'eimann,^- Biusken,^® Teimiei,^-’* Hadley,’’- and Founnestiaux From 
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libs Bailing Shuttleworth,^^® Buisken,^® and Gvirdjian Bieast bone Mul- 
lei , P Ilium Money 

It IS not jiossible to analyze the cases in the liteiature as thoioughly as one 
might wish, because of the lack of adequate follow-up, which we think should 
he at least nine months and, hettei, a yeai On the othei hand, it seems to be 
tiue that most of the failuies occui eaily and the shoiter peiiod will catch the 
majoiity of them The cases in the chaits do not include all of those that 
we have collected We have ehmniated all repoits of single cases after 1900 
unless they aie impoitant A numhei of lepoits of a few cases have been left 
out because of lack of enough infoimation to make them useful 

In all, w'e have charted 1,385 cases, aiianged accoiding to'^the method used, 
111 an attempt to asceitam wdiich of the vaiious methods is the best The only 
figuie fiom the entiie gioup that is at all significant is the mortality rate, 
w Inch IS 0 73 per cent 

Indications — Theie seems to be a happ) accoid among most of the authors 
as to the indications foi cianioplasty and the onlj' possible disagieement lies in 
the degiee to wdiich symptoms may be allow'ed to progiess before operation is 
advisable The indications are 

( 1 ) Sevei e headache and othei s} mpioms of the sy ndi ome of the ti ephmed 
— dizziness undue fatigability, vague discomfort at the site of the 
defect, a feeling of appiehension and insecunty, mental depiession and 
intoleiance to Mbiation 

(2) Epilepsy, w'hen the attacks oiiginated fiom the injuiy that caused the 
defect 

(3) Those cases m wdiich theie is dangei of tiauma at the site of the defect 

(4) Cases that have an unsightly defect 

(5) Defects that pulsate unduly 01 that aie painful 

The contiaindications aie again pietty w^ell agieed upon They aie 

(1) The piesence of any foieign body 

(2) The presence of any possible infection m eitbei biain 01 bone 

(3) Inci eased cerebi ospinal fluid piessuie that is not easily leducible b} 
lumbal punctuie 

(4) Pathologic changes m the cell count 01 chemistiy of the fluid 

Cianioplasty should not be peifoimed fbi some months aftei an injuiy un- 
less the w'ound is undoubtedly clean If thei e has been infection, it is not safe to 
attempt it in much less than one yeai ’s time Some cases that have had osteo- 
myelitis have given tiouble sevei al yeais aftei they weie supposed to be fiee 
of infection Delay allows the dm a a chance to lepaii itself so that any infec- 
tion at operation will 1 emain extradural 

Among the authors wdio have wnitten about the repaii of cianial defects, 
Tuffler and Guillam^-® have had the oppoitunity of following the gieatest num- 
ber of cases They conclude that the piocedure is of little value except from 
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the cosmetic point of view This opinion is at vaiiance with that of the vast 
majority of wiiteis 

Technical Notes — There aie seveial features appaient m leviewmg the 
leported cases that aie well accepted as impoitant The scai of the oiigmal 
mjuiy should be m good condition If it is not, there should be a piehminaiy 
operation to levise it and eliminate any danger of its breaking down fiom lack 
of an adequate blood supply oi other cause A veiy thin scai should be levised 
even if adequately nourished When the defect is exposed, the duia should be 
well fieed aiound the edge and any defects in it repaiied by the use of fascial 
giafts Following this the bone edge should be fieshened by cutting it back 
until healthy oozing bone is i eached In cutting back the bone edge, the defect 
should be rounded as much as possible so that the giaft will fit snugly While 
freshening the bone, the pencianium should be carefully piotected so that it 
will be intact and in good condition to use m holding the graft in position The 
graft should be slightly laiger than the trimmed defect to msuie a snug fit If 
this IS not done, the peiicianium will adheie to the dm a and foini a banier to 
bone formation between the giaft and the edge of the defect If theie has been 
any mciease in intracranial piessure, gieat caie must be taken to contiol it dui- 
ing the healing peiiod, else it will lift the giaft and pi event good bony union 

Compai ison of Methods — In geneial, it may be stated that the simplest 
methods aie preferable and that methods entailing only one operative pro 
ceduie aie preferable to those necessitating two These factois aie not, how- 
evei, the only ones that demand attention, as we must consider the lesults, 
insofar as that is possible, of the different methods Foi example, it is well 
known, and admitted by all authors, that ci amoplasties done with caitilage 
lemain caitilagmous and the lepaired aiea is nevei solid, but always has some 
“give” The fact that the caitilage is well toleiated (Beguoin,® Chutro,™ and 
MoiestiiF®), rarely absoibs (Chutio"^) , and that it forms a firm union with 
the surrounding bone (Maiiano and Virano®^) is, for the moment, of little 
impoitance The impoitant thing is that this method never bungs about a film, 
solid, bony closuie, but tends to become moie and more fibi ocartilagmous as 
time goes on (Leriche'^®) If this fact is accepted, and cartilage is leseived foi 
the closure of small defects wheie the impoitance of a iigid giaft is not so 
great, it has a veiy definite place m the opeiative scheme Its use foi the 
closuie of large defects is probably ill advised Fuitheimore, in the case of 
caitilage, if theie is not a piece available from anothei patient — and it appears 
that cartilage from other humans is perfectly tolerated (MoiestiiF®) — ^we are 
faced with the necessity of a second opeiation to obtain the giaft But an 
osteoperiosteal graft from the external table of the skull, that may be eithei 
swung or thrown over into place, oi taken sepaiately and placed in the defect 
without connection with its oiiginal environment, will close it in a single opeia- 
tive session 

The various types of osteoperiosteal giafts fiom the outer table of the skull 
all have their application in the repair of diffeient sizes of defects depending 
somewhat on the location of the defect and on the condition of the overlying 
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skin It would seem to make little diffeience whethei the bony oi periosteal 
aide of the graft is outeimost, except that the bony side is more apt to be 
irregulai Whether the giaft lemains attached to the peiicianium by a pedicle 
IS of no importance The possible blood supply fiom this source is poor at 
best, and we have had perfectly good lesults fiom giafts that weie entirely 
separated fi om the pei ici anium 

The woik of Gallie and Robeitsoii'*^ has impiessed us with the importance 
of using bone that has as much cancellous tissue as possible in ordei that many 
viable osteoblasts are available The diploic suiface of the outer table of the 
skull seems to be a source for these, piefeiable perhaps to tibial grafts but 
piobably not as good as iib giafts or giafts fiom the sternum The use of 
split ribs, especially in the lepaii of defects that are too laige for a graft from 
the skull, IS a vei}’' sound method The curvatuie of the pieces is just about 
right, and theie are sufficient osteogenic cells piesent 

The use of celluloid, u e think, is to be avoided It is fairly well tolerated, 
but IS objectionable on the following giounds Unless a fairly thick piece is 
used, it IS not rigid and fails m its purpose Cases have been repoited in which 
the giaft has softened and become ineffective (Henschen^~) In this senes is 
a case in which it was apparently the cause of seveie headache and this has 
been reported by otheis (Pringle'®'^) The pimcipal objection is that it is an 
unnecessaiy foieign body Fuithei, it would seem that theie are other foreign 
bodies that aie better toleiated, such as gold (EstoiP*’), and which do not have 
the drawbacks of celluloid 

An attempt to evaluate the lesults of cianioplasty insofar as the symptoms 
of the patients aie concerned is veiy difficult The majoiity of the authois 
made no mention of the symptoms Fiom the cases that weie adequately fol- 
lowed and leported, we find that Stieda,^-- out of eight cases, had two with 
occasional headaches, and one with veitigo and neuialgia of the supi a-orbital 
nerve Auvray^ repoi ted one case that had headache and epilepsy five months 
aftei opeiation This case was icopeiated upon by Villandre, and a iidge of 
caitilage was found piessing on the biam 

Bomet^^ reviewed 41 cases of cranioplasty and 95 cases of cranial defect 
that had not been repaiied and found that there weie no significant differences 
between the symptomatology of the cases whose defect had been filled and 
those 111 whom it was still open It is, however, difficult to evaluate his figures 
accurately 

Marie,®“ in 1914, gave the details on 22 cases, six of whom were fiee of 
their symptoms or very much improved, 12 unchanged, and the remaindei 
worse 

Primrose^®*^ reviewed 42 cases, 19 of whom were cuied of their complaints, 
eight impioved, five unchanged, and two made worse Shuttleworth^’^® le 
ported seven cases, four of whom were relieved of then complaints and two 
improved, while one was the same as before opeiation 

Termier’-^'^ was able to follow either personally or by letter some 63 cases 
that had been done 25 years before He felt that only a few epileptics or 
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psychotic patients had been impioved, but that the majoiity of the tiephine 
syndiomes had been cmed oi greatly benefited Fouimestiaiix^® followed 15 
cases foi ten yeai s Eight wei e well and had no complaints , seven still had 
some complaints of gieatei 01 less seventy 

One of the most inteiestmg and at the same time most impoitant featiiies 
that entei into this pioblem is the effect of ciamoplasty on convulsive states 
It has been vaiiously leported by Konig,®^ who had a cuie following cianio- 
plasty , von Eiselbeig,®^ who had thiee cases that weie bettei up to thiee yeais 
aftei the opeiation, Stieda/-'^ who had one cuie and one unchanged, Mayet,®'’ 
who had one cuie, Chutio,-- who lepoited one case cuied and one impioved , 
Boiiiet,^- wdio had fotii cases impioved and thiee unchanged, and Dievei- 
mann,^- who had five cuies and one impioved out of 13 cases Sudhoff^-^ 
lepoited thiee cases that had epilepsy aftei but not befoie the opeiation Theie 
have not been sufficiently accurate suiveys to enable one to judge exactly the 
lesults of the opeiation However, the majority of authois who have made 
any lefeience to epilepsy have lepoited that a certain numbei w^eie eithei 
entiiely relieved 01 impioved The cause of this and the mechanism behind it 
aie not clear Why, if a patient has convulsions following a cianial iiijuiy, 
does a repaii of the cianial defect impiove the comulsive state that must of 
necessity be due to the effect of the mjiiiy on the brain piopei and not its covei- 
ings^ The answei that immediately piesents itself is that theie is ti action 
exeited on the brain by the ovei lying scai And it is peifectly tiue that follow- 
ing a cranioplastic 1 epaii the dura pi obably assumes a moi e normal position 
It is still haid to see just how this helps a condition caused by ceiebial cicatiix 
The fact, howevei, lemains that a small but veiy definite peicentage of these 
cases aie lelieved of then convulsions follownng ciamoplasty 

From 1911 to 1938, 89 opeiations diiected toward the lepaii of cianial 
defects have been peifoimed at the Hospital of the Univeisity of Pennsylvania, 
and at the Giaduate Hospital of the Univeisity of Pennsylvania In an attempt 
to evaluate cranioplasty and leain how much benefit may be derived fiom it, 
we have leviewed these 83 cases Adequate follow^-up examinations have been 
obtained m 58 In 25, 1 oentgenologic examinations weie made shoivmg the 
conditions of the giafts at peiiods up to 19 yeais following operation The 
follow-up examinations w^eie, with veiy few’- exceptions, made by oui selves and 
most of the 1 oentgenologic studies w’eie made undei the diiection of the 
Roentgenologic Department of the Univeisity Hospital 

Indications — We weie surpiised to leain in going ovei the cases that the 
most fiequent complaint was convulsive attacks The othei complaints in the 
oidei of their fiequency aie detailed in Table I 

It is often impossible to tell fiom the histoiy the chief complaint of each 
patient and, theiefoie, just wdiat w’^as the indication foi ciamoplast)’- in each 
case However, fiom the extensive histones of recent yeais, we feel that the 
syndrome of the tiephmed has not been a fiequent indication foi opeiation m 
either the early 01 latei cases All of these patients had cianial defects It 
IS suipiising that only 13 came in for operation because of this alone 
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Table I 

SYMPTOMS 

Convulsive state 5^ 

Grand mal 24 

Focal attacks 27 

Petit mal (including "unconscious spells”) 3 

Defect without other symptoms 13 

Weakness or paralysis 13 

Headache 12 

Numbness and other sensory changes 1 1 

Visual disturbances 9 

Field defects 3 

Blurring or diplopia 6 

Mental changes 4 

Speech disturbances 3 

Painful or pulsating scar 4 


123 

The pi ocedtire that has been used in this clinic, almost to the exclusion of 
others, is a modification of the Konig-Mullei operation that was developed by 
Dr C H Frazier in the eaily nineteen hundreds and has been used here piac- 
tically unchanged since that time 


Table II 

T\ PCS or CRANIOPLAST\ 

Osteoperiosteal graft from the outer table of the skull 75 

Split nb graft with or without periosteum 7 

Celluloid 2 

Fascia only 2 

Osteoperiosteal graft from the tibia i 

Osteoperiosteal graft from the scapula i 

Split bone flap i 


89 

Opeiative Piocedwe — Aftei the skin and galea are leflected to expose the 
defect, the pencianium is freed from its edge The peiicianium should be 
carefully preserved The dura is then fieed fiom the undei surface of the 
bone The edge is trimmed back with a chisel until healthy, oozing bone is 
encountered The upper surface is beveled outwaid leaving a bioad bearing 
surface for the giaft to he upon, and during the chiseling the contoui of the 
defect IS rounded out as much as possible A pattern of this defect is now 
made of rubber tissue or any other suitable material This pattern should be 
one-quarter of an inch larger than the defect all around The skin incision is 
now extended or a new incision is made to expose an aiea of the skull wheie 
thick bone is usually found, such as the parietal eminence 01 the occipital re- 
gion, and the pattern laid out here The pericranium is cut around the pattern 
with a scalpel and along this line a groove in the bone is chiseled (Fig i) 
Now, directing the chisel in this gioove, nearly parallel to the surface of the 
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bone, the outer table is giadually cut through to the diploe and then by chis- 
eling thiough this, the giaft is finally cut fiee Caie must be taken not to go 
thiough the innei table oi another defect will be made If this is done, and it 
is occasionally impossible not to do it, the small defect should be filled with 
little bone chips The thin giaft is now taken and molded so that the peii- 
cianial side is convex instead of concave, as it is when lemoved The giaft is 
then fitted into the defect and the peiiosteum of the giaft is tightly sutuied to 
the periosteum suiioundmg the defect with mteiiupted sutures (Fig 2) 
The giaft should have been cut laige enough so that theie is a good aiea of 
bone appioximation all aiound, otheiwise the peiiosteum will become ad- 
heient to the duia and form a barrier to new Ijone formation between the 


Fig I Fig z 



Figs i and 2 — The defect has been exposed and its edges freed from the pericranium and refresh 
ened A pattern of the defect is laid on an adiacent area of thei skull, and the outer table, with its 
attached pericianiura, is removed The graft is then placed into the defect and the pericranium of 
the graft is sutured to the peiicranium about the edges of the defect 

giaft and the maigin of the defect The skin is closed with interiupted sutuies 
in layeis and diained for 24 horns 

When the defect is larger than 6x6 cm , a split 11b giaft is the most satis- 
factoiy piocedure The iibs aie exposed in the posteiioi axillaiy line After 
the peiiosteum has been elevated, a piece of the piopei length is lesected The 
ninth and tenth iibs suit the purpose veiy nicely The iibs are then split by 
hand with a shaip, thin chisel so that two pieces, one concave and the other 
convex towaid the cut suiface, are available These aie placed in waini saline 
while the defect is exposed This is done as foi the othei type of giaft until 
the bone edge is ti mimed When using iibs the defect is shaped into a tii- 
angle or quadiilateial and a gioove is cut 111 two opposing sides into which the 
ends of the iibs may lest and be seemed The pieces of rib are now fitted 
accuiately into the piepaied giooves and cut to fit snugly side by side regard- 
less of whethei the cut or smooth suiface is uppeimost When the pieces are 
111 place, the edge is niaiked and the giafts removed while holes are bored 111 
the maigin of the defect and m the ends of the ribs Stainless steel sutures 
aie put thiough these holes and the ribs wired in position If there is aii} 
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play between the centi^l paits of the iibs, moie steel sutures aie placed from 
lib to lib The peiicianium is now diawn up ovei the edges of the grafts 
as fai as possible and tacked tbeie with silk sutines The galea and skin aie 
closed with intenupted silk, as usual, and the wound is diained only if neces- 
saiy It has been oui custom to aspirate any collection fioin undei the skin 
flap, thus avoiding drainage whenevei possible 

The technics for the use of tibia, scapula, fascia and celluloid have been 
adequately desciihed m the liteiatuie \Vc have not had enough experience 
with these types of lepaii to offei an opinion lelatue to them 



Patients aie kept in bed foi from five to seven days and aie discharged in 
a week oi ten da3’’s (Figs 3 and 4) The aveiage stay in hosi^ital of simple 
cianioplasty cases duimg the last seven years has been 143^ days 

Results — In the senes of 83 cases having 89 operations, theie were four 
jiostopeiative deaths Three of these cases had cortical excisions as well as 
cranioplasty, and the lateral ventricle was opened in two of them The death 
following a simple cianioplasty was caused by postoperative meningitis Of 
the other thiee cases, two died fiom infection and one fiom hionchopneumonia 
In addition to the simple cianioplasty, 14 cases had further surgical pio- 
ceduies diiected toward the lemoval of bullets, excision of ineningoceiehial 
cicatrices, and the excision of a porencephalic cyst For this reason these 
cases have been separated m evaluating the results from those having a simple 
Cl anioplasty 


500 



A oUime 110 
Ivumoer 4 


REPAIR OF CRANIAL DEFECTS 


Postopei ative complications weie seen m 15 patients (Table III) Onh^ 
thiee of these cases weie badly enough infected so that at least a pait of the 
giaft was lost 01 absoibed The otheis lecoveied piomptly 

Table III 

POSTOPERATIVE COMPLICATIONS 


Total cases 83 

Deaths 4 

Simple cranioplasty (infection) 

Cranioplasty and cortical excision 3 

(2 infections, r bronchopneumonia) i 

Infections 8 

With loss of graft i 

With loss of part of graft i 

With absorption of graft later I 

Outcome unknown i 

Superficial infections, grafts OK 4 

Delaj'^ed healing => 

With serous drainage 3 

With hematoma i 

UnknoAvn cause i 

Pneumothorax 2 

Total 15 


In the 58 cases that have been followed 01 examined, 48 show a satisfactoiy 
result as fai as the plastic lepair is concerned, fiom nine months to 19 yeais 
aftei opeiation In a few cases there is a small depiessed area m the centei of 
the giaft that does not pulsate, which in no way affects the efficiency of the 
giaft, and does not give any tiouble to the patient Table IV summaiizes the 
ten cases that aie not consideied satisfactoiy Two cases show a small defect 
in the legion fiom which the giaft was taken These defects aie less than 
I cm m diameter and cause no symptoms 

Table IV 

UNSATISEACTORY RESULTS OE 58 CASES FOLLOWED 


9 MONTHS TO 19 YEARS 

Absorption of graft 3 

Depressed but solid 2 

Graft depressible celluloid 2 

(i removed at later operation) 

Loss of graft following infection 3 

(i has a satisfactory fascial repair) 

Total 10 


In seven patients with grafts from the outei table, a subsequent operation 
t\as Gained out that exposed the innei suiface of the giaft One case was 
opeiated upon by Dr Iia Cohen, of New Yoik, to A\hom A\e aie indebted for 
the following information “The giaft w^as Atell healed and solid The innei 
surface was rough, extended below the surface of the suriotinding inner table 
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and was adheient to the dura and thiough it to degenerated biam” (The 
patient had had a coitical excision at the time of the cianioplasty ) The graft 
was lemoved in the hope that the lelease of the piessure would benefit his 
condition Six cases that weie reopeiated upon in our clinic (Figs 5, 6, 7 
and 8), from one month to thiee yeais aftei cianioplasty, showed solidly healed 
giafts with iiiegular mnei sui faces that pi ejected very little beyond tbe inner 
surface of the skull The graft was adheient to the duia m all cases but was 
easily freed, and no note was made of there being any adhesions thiough to 

Tig 5 I'lr 6 




F:g 7 Tig 8 

Figs s, 6 , ^ and 8 — In these two instances a bone flan was thrown about the repaired defect 
one year after cranioplasty had been performed Note that in suite of an area of decreased densitj, 
suggesting absorption of graft, the operative picture of the inside of the bone flap shows that the 
graft IS entirely healed in and solid 


the cerebrum In one case, there was a small aiea not covered in by bone 
where the peiicranium had become adheient to the dura We feel that this 
case is important as it shows how a giaft that is not appioximated accurately 
might be unsatisfactory 

In one case of a celluloid cianioplasty, the giaft was lemoved because of 
severe and prolonged headache The celluloid was found to be enclosed in a 
sac formed by the pericianium and a bloodless, glistening membrane adherent 
to both pericranium and dura This membrane was seveial milhmeteis thick 
and was intimately connected with the duia from which it was peeled off m 
layers like an onion until healthy dura was reached The defect was repaired 
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latei Theie aie many islands of bone in an aiea that is less dense and which 
might be a defect as fai as one can tell fiom the roentgenogram Examination 
of the ai ea, howevei , shows it to be a])parcntly solid bone without soft spots 
The sin face is megulcu The site of the lemoxal of the giaft is still visible 
in the loentgenogiams hut this too is solid to the examining finger The ap- 
peal ance is lathei typical of those found in othei laige defects Theie appears 
to he a gieat cliffeience m the thickness of the giafted hone or the new bone 
legeneiated at the site of the giaft 

This vai lability in the loentgcnogianis made then evaluation difficult A 
local examination must he made at the same tunc to give the tuie lesult 

Two featuies in the loeiitgenogiani of model ate si/cd giafts aie note- 
woithy Fust, theie is frequently a less dense descent aiound pait of the 


I u 14 Tic is 



Tigs 14 and 15 — Cranial defect and cnnioplnstj st\ niontlis after repair Note the thin line of 
decreased density about the edte of graft suggesting absorption Graft entireh solid to palpation No 
palpation could be seen or felt Complete relief of clinical sjmptoms 


giaft, that may or may not he ossified Roentgenogiams alone aie unieliablc 
and the aiea is too small to enable one to he suie fioin digital examination 
Secondly, in some giafts the cential poition is not as dense as the peiipheial 
This was tiue m the six cases that showed a small depicssion in the middle 
of the giaft In cases mth this finding nheie a subsequent hone flap has 
been turned aiound the giaft, no evidence of absorption of the giaft has been 
seen The giaft seems to have healed leadily into the suiiounding hone 
A few geneialities may he diawn from these loentgenologic studies Heal- 
ing 111 these grafts attains its inaxiinum in less than a yeai , and thei eaftei little 
if any change can he deinonsti ated In geneial it may he said that giafts in 
the fiontal legion will not hung about as thick a lepaii of hone as those in the 
posteiioi pait of the skull None of the giafts have shown any evidence of 
diploic foimation and the giafts aie foi the most pait thinner than the sui- 
iounding skull The site of the lemoval of the giaft lemains visible foi 
maii}'^ yeais as a thinnei area of hone 

Figuies 14 and 15 show a patient uho had a veiy satisfactoii giaft at the 
end of six months Thiee months later the giaft has for the most pait ah- 
soihed and a pulsating defect is now present that is tenser than noimal The 
patient has mti acranial hypei tension from some, as yet unknown, cause 
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Table V 

SYMPTOMS FOLLOWING OPERATION 

Cases with simple cranioplasty 58 

Convulsive state 

Free of attacks for 8 mos , 2, 4, 16, 17, and 19 yrs 6 

One to 3 during postoperative period, then none for 9 mos , i , 

2, 7, and 18 yrs 7 

Attacks for 3 and 6 yrs, then free for 16 and 9 yrs 2 

Recurrence following another injury 8 mos and 3 yrs 2 

Free for 2 yrs , then spontaneous recurrence i 1 8 

Same after i, 4, 5, 14, and 17 yrs 7 

Worse — died in status 2 yrs after , 29 

Total 27 

Table VI 

CASES WITH cranioplasty PLUS CEREBRAL EXCISION 
Convulsive state 

Free of attacks for i K and 6 yrs 2 

One convulsion m sH yrs i 


Better (attacks fewer and less severe) iK. 2, 3, 6, 7, and 

19 yrs 7 10 

Same for H, i, i, 2^, 6, 7, and 18 yrs 7 

Worse — died in status 6 mos after i 8 


Total 


18 


Table VII 
symptoms 


Cosmetic result satisfactory 7 

Cosmetic result failure (9 mos ) i 

Painful defect satisfactory (4 and 18 yrs ) 2 

Pulsating defect satisfactory (9 mos ) i 

Headache completely relieved (2,4, 7, 7 and 16 yrs ) 5 

Less severe and frequent (i and 18 yrs ) 2 

Same (i yr ) 2 

Worse (case with celluloid plate 6 yrs ) i 

Dizziness relieved completely (6 and 16 yrs ) 2 

Same (i yr ) i 

Weakness and paralysis (all but 2 had cerebral operations) 

Nearly entirely relieved (7 yrs ) i 

Improved, strength and function 3, 3, 6 and 19 yrs ) 5 

Same i} 4 , 2, 3, and 6 yrs ) 5 

Visual disturbances Field defects all the same (3 mos , 2, and 5 

yrs ) 4 

Numbness worse ii }4 yrs ) i 

Mental changes same after i yr 2 

Better after yrs i 


Good 

7 


2 

I 


7 


2 

6 


1 


Totals 
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Same 

I 

3 


I 

5 


4 

1 

2 
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CONCLUSIONS 

(1) Simple cianioplasty has definite indications beyond the closure of a 
defect 

(2) Epileps)t IS benefited by cranioplast}’’ 

(3) The syndiome of the tiephined is relieved in the large majority of 
cases 

(4) The cosmetic results of cianioplasty are excellent 
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Discussion — Dr William Jason Mixter (Boston) I think the subject 
considered by Doctor Grant a veiy valuable one to have bi ought up to date at 
the present tune, because the hteratui e has been full of various articles cover- 
ing parts of this material 

I should agree absolutely with his idea that the outei table graft is the 
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graft of choice, where it can be used It is interesting to examine one of 
these giafts later when one turns down a bone flap including the graft, and to 
see that the giaft has definitely thickened in a year or two 

In speaking of the vaiious foreign materials, I agree with uhat he sa}s 
about celluloid Celluloid fiequently causes a definite reaction about it I 
opeiated upon one case that had had a gold plate put m nearly 20 yeais befoie 
It was A^eiy interesting to compare the result m that case with the celluloid 
cases which have been leexploied The gold plate appaiently had stimulated 
absolutely no tissue reaction about it 

Thei e is one thing that Doctor Grant did not mention, although I know that 
he uses it, because I have seen his cases, and that is that these patients must 
have a fiim, piotective dressing outside, in older that the giaft may not be 
knocked in accidentally while the patient is asleep, during the fii st few days 01 
weeks after operation 

Theie is one other point, and that is that wheie a patient has a depiessed 
fiacture, instead of lifting the depiessed fiagments, it is sometimes easier to 
take out the whole depression and turn it over, using the cuive of the depies- 
sion to match the cui ve of the skull 

Dr Howard C Naffziger (San Fiancisco) The most mteiestmg and 
sui prising point in Doctoi Giant’s presentation is the veiy high peicentage 
of ernes or improvement in convulsive states after simple lepair of the bony 
defect, without resection of the brain scar I had no idea that it would be 
so high 

We have performed many ci amoplasties of the type that Doctor Giant 
recommends It has cei tain obvious advantages, pai ticularly m having only one 
field of opeiation exposed Although I am unable to give our statistics, we 
have been disappointed by having the giaft absoibed in a laigei peicentage ot 
cases than he has, I am sui e That does not mean, necessarily, that the defect 
IS as unprotected as it was before, because even in those instances in which 
absorption occurred, the defect was filled in by a heavy fibrous covering that 
gave adequate protection 

We have not been pleased with the results obtained by using foreign 
materials Theie is one foini of giaft that we feel gives better cosmetic lesults 
than others and which we like for that reason W e have used it only recently 
In one patient it was necessaiy to sacrifice a bone flap m the frontal area 
because of a meningioma which had invaded the sinuses extensively We were 
anxious to secuie a paiticulaily good cosmetic result and, as one of our ortho- 
pedic associates is particularly skillful m removing grafts from the pelvis, we 
used giafts from the innominate bone These can be chosen with reference to 
then cuivatuie and can be removed with saw and chisel They can be per- 
fectly adapted 111 size and shape and give a better cosmetic result than any 
othei type 

I think that possibly I have been a little prejudiced against extensive 
lemovals of bone from the skull by chisel, because of the necessity for the use 
of the hammer and the jariing it produces 
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Any of the autogiafts may absoib I had the oppoitunity of following the 
couise of one patient foi 22 yeais — fiom 1915 to 1937 A tiemendoiis loss of 
lione from the fiontal aiea ^\as lepaiied with stiips of ostcopei losteal giafts 
fiom the tibia, which gave an excellent cosmetic icsult In loentgenogiains, 
the giafts seemed to he unchanged foi some five 01 six yeais, and then succes- 
sive films showed that the stiips of hone weic becoming less and less dense and 
finally, at the end of something ovei 20 yeais, they could no longei he seen, 
the cosmetic lesult, howevei, -was almost as satisfactoiy as m the beginning 
The giaft seemed to have been leplaced by a veiy heavy fihious coveiing 

Dr Francis C Grant (closing) I am glad Doctoi Mixtci hiought up 
the point of the postopciative piotective diessing I think it is veiy impoitant 
We incoipoiate a lead plate inside the bandage of sufficient si/e to oveilap the 
defect, and that ceitainly pi e\ cuts difficult} dining the ten days the patient 
lemains m the hospital, and after then dischaige \\c fit them out with an alumi- 
num piotectoi which they ueai for thiee months That goes aiound the head 
and has a lubhei hand on it which holds it in place, and they aie supposed to 
w^ear that pietty constantly during the next thice months 

I was mteiested in wdiat Doctoi Naflf/iger said about the innominate hone 
We have not used that I do not see why it would not he a thoroughly satis- 
fdctoiy method foi lepaiiing a cianial defect 

As fai as the giadual ahsoiption of hone is concerned, I feel quite ceitain 
that that occuis, although W'e base that paiticularly on the 1 oentgenologic 
appeal ance , and, wdien we studied these patients latei, by actual palpation, and 
examination of the giaft, it was ama/ing the way in wdnch the 1 oentgenogi ams 
had ovei estimated the condition of the giaft Those giafts aie really 111 fiist- 
class shape You could tap on them with youi knuckle, and appaiently they 
aie just as haid as any othei pait of the patient’s head, although loentgeno- 
logically they ceitainly looked as though a gieat amount of ahsoiption had 
occui 1 ed 

We have been thoioiighly satisfied wnth this proceduie, and I see no leasoii 
fiom this study to change oui opinion about it 
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The life histories of many individual types of brain tumoi, some of 
which aie situated in a specific and well-known legioii of the intracianial 
cavity, have been woiked out duimg the past quaitei of a centuiy, dining 
which neuiologic suigeiy has made such significant advances It is now pos- 
sible befoie opeiation not only fiequently to lecognize what type of giowth 
one is dealing with, togethei with its exact situation, but also to pi edict witli 
a fair degiee of accuiacy what the opeiative dangeis will be as well as the 
futuie life expectancy and usefulness of the patient Among the mtiacianial 
tumors to which these statements apply, the acoustic neuiomata (the common 
cerebellopontile angle tumoi s) should piobably be given the fiist place The 
story of then lecognition and the eaily suigical attacks upon them, then 
persistent lesistance to complete extnpative methods, and their final capitula- 
tion, foims a long, but fascinating, although at times gruesome, chiomcle in 
the annals of suigical advance 

It IS not pertinent to the subject of this papei to I’etell this stoiy which 
has been related so well by othei s, notably Cushing^ and Dandy - A few of 
the outstanding milestones, howevei, must be noted m ordei to get a piopei 
background, and, theiefoie, some undei standing of the difficulties pei taming 
to the enucleation of these giowths, which, though entirely benign and en- 
capsulated, aie, neveitheless, so hemmed in by vital stiuctures that their le- 
moval IS attended with the gieatest hazaid 

Desci iptions of the patholog) of acoustic tumoi s go back to the latter pai t 
of the eighteenth centuiy, and scatteied clinical recoids aie to be found 
through the early pait of the nineteenth, notably that of Ciuveilhiei ^ Then 
localization and clinical lecogmtion had become faiily well established duimg 
the eaily yeais of the piesent centuiy, following the advances made m ceie- 
bial and ceiebellar localization 

Along with the eailiest clinical localizations came an occasional suigical 
attempt at lemoval of these tumoi s, with a still more occasional successful 
lesult Indeed, it is a matter of consideiable wondei that any patient should 
have suivived the opeiation as earned out at that time, namel)’’, a quick, fingei 
enucleation of the tumoi with inevitable seveie tiauma to the biain stem and 
to the many cianial neives and laige blood vessels m the legion It must be 
boine in mind, howevei, that suigeons in that eia weie just beginning to ac- 
quiie a knowledge of how to attack lesions of the biam and spinal coid and had 

* Read before the American Surgical Association, Hot Springs, Va, 3Iaj ii, 12, 

13, 1939 
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none of the modern adjuncts which we now regard as absolutely essential for 
this branch of surgery 

It IS not surprising, therefore, that when the operative statistics concerning 
acoustic neuromata were brought to light at the International Congress of 
Medicine in London, in 1913, the moitahty was so prohibitive as to make 
surgery seem well-nigh hopeless Tooth’s^ report from the National Hospital 
at Queen Square, London, showed a 58 per cent moitahty in the cases pre- 
sumably operated upon by Sir Victor Horsley, and of the 12 patients it is 
probable that only one of the five survivois may have had a complete extirpa- 
tion The story from continental Em ope at the same Congress was even 
worse, von Eiselsberg reporting 12 deaths m 16 cases, an opeiative mortality 
of 75 per cent, and Krause 26 deaths in 31 cases, an 838 per cent moitahty 
rate From both of these series it is fan to assume from the recoids that only 
one (a patient of von Eiselsberg’s) survived for any piolonged useful period 

The first notable advance fiom this despeiate situation in the surgical 
treatment of acoustic tumors came with the publication, in 1917, of Cushing’s 
monograph on Tumors of the Nervous Acousticus ^ In this work the method 
of mtracapsular enucleation of the tumoi was desciibed, and although admit- 
tedly not an ideal operation foi a benign, encapsulated lesion, nevertheless a 
patient was, for the first time, oflfeied a pioceduie which cairied a relatively 
low mortality (20 per cent at that time) , lelief from piessuie symptoms and, 
not infrequently, rehabilitation to useful life for perhaps two to eight years 
In a subsequent publication,® in 1932, Cushing reviewed his later experiences 
with acoustic tumors showing that the moitahty had been reduced to 4 pei 
cent in his last 50 cases It was later brought out by Eisenhaidt,® in looking 
up the patients in Doctor Cushing’s senes who had survived five years 01 
longer, that 77 cases of acoustic neuromata fell within this category, and of 
these, 63 were still living from five to 26 years — a lecoid which has not been 
approached for this type of operation by any othei neurosurgeon Mere sur- 
Auval, however, does not tell the whole story although in this instance it was 
an enormous stride ahead in the treatment of these giowths Possibly a bet- 
ter idea as to what could be expected from a ladical inti acapsulai enucleation 
was reported by Caiins'*' in reviewing the condition of the patients he had 
seen on Doctor Cushing’s seivice after an interval of nine years There were 
ten cases of acoustic tumor 111 this senes and of this number there weie eight 
survivors Of these, three were at work, three were severely incapacitated 
and two had considerable disturbance of gait Van Wagenen,® in 1934, made 
a similar follow-up study of a series of Doctor Cushing’s cases after an eight- 
year interval Of the ii acoustic tumor patients, seven were living, and of 
these, four were “in excellent condition and able to go about their usual 
duties ” The other three were up and about although two had been blind 
before operation and had remained so 

The second great step toward a more permanently satisfactory operation 
for acoustic neuromata was furnished by Dandy,® who, in 1922, outlined a 
method for the total extirpation of these tumors, and, in 1925, reported® five 
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successful total extirpations The mortality foi this operation given by Dandy, 
in 1932,^® was 20 per cent Recently (1934), Olivecrona^^ of Stockholm has 
likewise advocated total lemoval of acoustic tumors by Dandy’s method, and 
in 31 cases his 11101 tality was 19 4 pei cent 

The opeiative method offeied by Dandy, biiefly, is as follows He at first 
employed a bilateral ceiebellar exposure, but moie lecently^^ (i934) he has 
advocated a unilateial appioach After tapping the lateral ventricle and evac- 
uating as much fluid as possible fiom the cisterna magna, the outer third of 
the ceiebellai hemispheie is excised, giving an excellent exposure of the 
giowth in the ceiebellopontile angle This iinpoitant step m the technic was 
used foi bettei exposuie of these tumois in the majority of his cases by 
Cushing® since 1928 The capsule of the tumoi is now incised and its con- 
tents caiefully lemoved with a curet Following this the capsule is grasped 
with foi ceps and diawn away fiom the brain stem, clipping such vessels as 
may be encounteied The tumoi is caiefully separated from the fifth nerve 
above and fiom the ninth, tenth and eleventh nerves below Finally its attach- 
ment at the internal auditoiy meatus is divided, the tumor lemoved and the 
meatus cleaned out 

The advantages of complete removal contrasted with even a painstaking 
intiacapsulai extiipation of acoustic tumois must be obvious The surviving 
patients m almost eveiy instance aie enabled to return to their foimer activi- 
ties, piesumably without feai of a lecurrence of then tumoi The chief dis- 
advantage of the complete opeiation is the facial paralj^sis on the side of the 
lesion, but this can be gieatly benefited by a spmofacial or hypoglossofacial 
anastomosis 

In favor of the intiacapsular method, one can only say that there is almost 
nevei any facial palsy and that the initial mortality, up to the present time, has 
been about half that of the complete opeiation in such series as have been re- 
ported Against these factors, howevei, are inevitable lecurience, leading 
either to a furthei serious opeiation or to death, and, thus, a far greatei even- 
tual moi tality than when the tumois aie pimiaiily completely removed In 
addition, the chances of a patient getting back to useful work after the intra- 
capsular opeiation aie not neaily so gieat as when the tumor is taken out 
totally 

Nevei theless, theie may still be instances in which the less hazardous 
opeiation, with spaimg of the facial nerve, is indicated, although in our own 
expel lence total removal of all acoustic tumors previously unoperated upon 
has been perfoimed without exception during the last four years Patients 
aie always informed about the lesultmg facial paialysis, and only one has 
declined for this leason and had the mtracapsulai operation elsewhere With- 
out all the adjuncts of modem neuiosurgeiy, however, including a highly 
trained team, adequate suction and a good electrosurgical unit, it is doubtful 
whethei complete extirpation should evei be attempted 

Opmatwe Piocedwe — The operation which we use is similar to the pro- 
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Fig I — Outline of unihtenl sKin and muscle flap oter the suboccipital 
region showing its i elation to the lateral sinus 



area o^■ roiaqeured 


Fio 2 — Area of bone remor ed c t bloc to be replaced at end of operation 
The upper margin of boii\ opening is well abore the lateral sinus Further 
bone remo\ed b\ rongeurs in lower portion of field foi full exposure 
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ceduies described by Dandy and Oliveciona with certain modifications which 
we believe aie impoitant 

In the fiist place, a lather kige nnilateial skin and muscle flap is turned 
down over the suboccipital legion on the side of the tumoi (Fig i) Follow^- 
ing this, a piece of bone is taken out by the use of bui holes connected with 
the Gigli saw% going w^ell above the lateial sinus (Fig 2) This bone is le- 


placed at the end of the operation Fui 
at the lowrer maigin of the aiea The 
the bony opening, except supeiioil}- 
wheie it IS incised up to the edge of 
sinus This pel nuts expostiie directly 
down the tentoiium The outer thud 
of ceiebellum is ahvays uncapped, aftei 
wdiich the lateral aspect of tumor is 
fully exposed in the angle Fiom this 
point oui piocedure is almost identical 
wuth Dandy’s The capsule of giowTh 
IS incised, and its contents evacuated 
as thoioughly as possible, great care 
being taken not to get thiough the cap- 
sule medially (Fig 3) Some tumoi s 
aie highly vasculai, and bleeding fiom 
the mtenoi has to be conti oiled by 
piessme with cotton moistened in 
saline 01 sometimes a little Zenkei’s 


thei bone is lemoved by the longeui 
duia IS next opened to the limits of 



Fig 1 — Outei third of cerebelhr hemisphere 
"uncapped” Tumor evposed in the angle Pie 
Imnnary excavation with cuiet 


solution may be used on cotton Likewuse the capsules of different tuniois 
vaiy gieatly m their toughness, but most of them can be giasped and drawn 
gently away fiom the ceiebellum and pons wdiile stiips of moist cotton are 
mseited as the enteinig vessels aie clipped It is usually faiily easy to sepa- 
late the giowth from the lower gioup of neives (ninth, tenth and eleventh), 
but theie is almost always a laige branch fiom the veitebial aiteiy at this 
lowei pole and this must be ligated wuth silvei clips (Fig 4) 

Separation of the tumoi capsule fiom the fifth neive is often difficult, due 
to great adheience, but as a lule it can be accomplished wuthout too gieat 
contusion (Fig 5) This is highly impoitant, as the combination of facial 
paialysis together with facial anesthesia leads fiequently to coineal complica- 
tions When the fifth neive has been damaged, it is oui custom to suture the 
outer portion of the eyelids to each othei , thus giving the cornea almost com- 
plete protection 

When the tumoi has been mobilized at its uppei and lowei poles, and pai- 
tiai separation fiom the pons has been accomplished, the tumoi ’s attachment 
at the internal auditoiy meatus is divided by cutting and coagulation This 
peimits the final wuthdiaw^al of the capsule from the side of pons and medulla, 
thus completing the enucleation except foi that poition of growth within the 
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meatus (Figs 4 and 6) This is cm etted out and coagulation applied Often, 
too, It has been necessary to chip ofif the bony 1 idge over the meatus in order 
to expose it thoroughly and to be suie of getting tumoi cells lying far within it 



, , Peirosal 
fe, Vem 

Tumor 

•ttcicHmenl 


I'lG 4 — Tumor capsule grasped with forceps and lifted up 
ward Large artery at loner pole ligated with silver clip Tumor 
attachment at internal auditory meatus divided with Xnife after 
coagulation 

The bed from which the tumoi has been taken should be left completely 
diy, otherwise postopeiative oozing will take place, a clot will form, and re- 
opening of the wound will be necessitated Aftei careful hemostasis the dura 



IS resutured, the uppei piece of bone replaced and the skin and muscle flap 
closed in layers with fine silk without diainage While the convalescence of 
many of these patients is uneventful they must all be watched caiefully, par- 
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ticularly foi difficulty in swallowing and inability to get iid of mucus secietion 
111 the till oat Such secietion should be sucked out promptly by using a 
faiily small catheter attached to a suction appaiatus, passing the cathetei eithei 
via the naies oi the mouth Nasal feeding is earned out until the patient can 
swallow well without choking 

Coucction of Facial Paialysis — Any time aftei a two weeks’ inteival a 
spmofacial anastomosis is made In oui expeiience, this is piefeiable to using 
the hypoglossal neive unless the spinal accessoiy has been injuied Such an 



Fig 6 — Fiml mobilization of tumor after its attachment has 
been divided The ninth, tenth and elcienth nerves are seen as a 
group under the tumor’s lower pole 


anastomosis gives leasonably good facial function within about a year (Fig 7) 
In one patient, the facial neive was pieseived at opeiation, although in this 
instance it is possible that a few cells may have been left within the meatus 
(Fig 8) A similai episode was lepoited b}'- Canns^® m 1931 

Mateiial, Statistics and Results — In the piesent study there are included 
all cases of veiified acoustic tumois seen since the oiganization of the Neuro- 
suigical SeiYice at the Laliey Clinic, Novembei i, 1932 (six and one-half 
yeais ago) Theie have been 35 patients in all, but for obvious reasons they 
must be divided into two gi oups, namely, those not having been operated upon 
pieviously, 23 m numbei (Gioup I), and the lecuiient cases, of which theie 
weie 12, all of whom had had one or moie previous mtracapsular paitial 
extnpations (Gioup II) The leason foi this division is because the difficul- 
ties and dangeis in the complete extiipation of lecurrent tumors are infinitely 
gieatei than is the case with tumois which aie exposed for the fiist time In 
fact, Dandy^® goes so far as to say that " after one operation has been 
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peifoimed, the adhesions aie so great that caieful dissection of the tumor at 
a latei date is piacticaliy impossible” Theiefoie, a fair comparison of our 
senes with those of otheis is possible only when the numbei of piimaiy and 



A B 

Fic 8 — Patient iihose facial nerve was spared at operation (A) Slight left facial 
weakness three weeks postoperative (B) The same patient two jears later 


leciiirent cases, uith then respective data, is known This may be given m 
the following summaries 

Ta-ble I 

CASES PREVIOUSLY UNOPERATED UPON 

Group I Cases previously unoperated upon 23 

Intracapsular removal 3 

First stage suboccipital decompression i 

(No deaths in hospital All have died subse- 
quently, I to 3 years, 3 from recurrence, r 
from intercurrent cause ) 


Complete removal 19 

Deaths 2 

Mortality 10 5% 

Total operative mortality for Group I 87% 


Comment — Theie is little to be said concerning the patients in both gioups 
who had incomplete niti acapsulai enucleations There were only six in all, 
and the survivors, on the whole, did not do as well as had been expected It 
was for this leason, doubtless, that we were led into attempting complete ex- 
tirpations 

The 19 patients in Group I, who had their tumors totally removed, aie 
perhaps of chief inteiest, since the)’' weie opeiated upon befoie pievious surgi- 
cal inteivention, and, theiefoie, with a few exceptions, had not suffered severe 
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brain stem or cranial neive damage Two of the patients in this group, un- 
fortunately, were blind befoie they came for operation, a circumstance which 
IS lamentable m the light of oui pi esent knowledge of the diagnosis and treat- 
ment of intiacianial tumors 

There were two deaths among the 19 patients m this group, one from 
meningitis which developed 16 days postoperatively, presumably from an 
opened mastoid cell, and the other fiom pneumonia in a man who had not 
only the usual inti acranial neuroma but also a laige paravertebral extension 
of his tumor outside the spinal column m the upper cervical region He was 
in extremely pool condition before operation 

The 17 surviving patients are all alive from two months to foui yeais since 
then operations All but two are eithei in good 01 excellent physical condi- 
tion, able to get about peifectly well by themselves, and, for the most pait, 
to resume then foimer occupations This of couise does not apply to the 
two patients who weie blind before being operated upon Thiee patients 
have had coineal complications because of damage to the fifth neive, but none 
has had to have an eye removed Several other patients have had a mod- 
erate degree of trigeminal hypesthesia, but sensation is sufficient to allow a 
corneal leflex Nearly all the group have had spinofacial anastomoses by 
one of us (J L P ), so that then facial paialyses have been gieatly benefited 
(cf Fig 7) The amount of ataxia and unsteadiness varies considerably in 
the different individuals, but tends to be minimal after the lapse of a year 

Table II 

CASES HAVING BEEN PREVIOUSLY OPERATED UPON 

Group II Recurrent cases 12 

(Patients previously operated upon by us or 
elsewhere, intracapsular removal having been 


performed ) 

Further intracapsular removal 3 

Deaths 2 

Mortality 66 6% 

Complete removal 9 

Deaths 3 

Mortality 33 3% 

Total operative mortality for Group II 41 6% 


In Gioup II, there were nine patients whose tumors were entirely ex- 
tirpated As intimated previously, the difficulty here was excessive, not only 
fiom adhesions to the brain stem but also because of the tremendous extension 
of the tumor — sometimes far beneath the pons to the opposite side, entirely 
covei mg the basilar artery and likewise extending upward into the incisura and 
downward into the foramen magnum Thiee of the nine patients died — all 
from pulmonaiy complications due to difficulties m swallowing The six liv- 
ing patients aie all 111 suipiisingly good condition considering their previous 
disability Three have been able to resume their former occupations, and the 
other three are able to do woik about the house although one has been nearly 
blind since the time of his fiist operation 
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SUMMARY 

The operative and end-results in a senes of 35 patients with verified acous- 
tic tumois are piesented Ceitain features of the opeiative technic for the 
total lemoval of these neuiomata aie given in detail Since, in our hands, 
intracapsular removal of the tumois has been unsatisfactor5r and the eventual 
moi tality extremely high, complete extirpation is now earned out on all cases, 
whether piimaiy or lecurient The opeiative as well as the total moi tality 
for complete lemoval of tumois pieviously unopeiated upon is 10 5 pei cent 
When this proceduie has been earned out on lecuirent tumois the mortality 
IS 333 pel cent The combined moi tality for both piimaiy and lecunent 
tumors totally extiipated is 17 8 per cent 
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Discussion — Dr Max M Peet (Ann Ai bor, Mich ) W e have used a 
unilateial approach foi acoustic tumors during the last ten or 12 yeais, and it 
ceitdiniy has many advantages We have also been perfoiming as complete as 
intracapsular excision as possible and then pulling the capsule out — 111 other 
words, complete extirpation of the tumor We felt that this was necessary 
for the same reason that Doctor Hon ax does Some patients had lemarkably 
rapid lecunence One such patient Doctoi Hoi rax happened to see me oper- 
ate upon I had taken out the whole tumor, including all the capsule except 
that portion extending into the internal auditoiy meatus I wanted to save 
the facial nei ve, and I had succeeded m saving it up to that point, and so we 
left a small amount of tumor inside the internal auditoiy meatus Within six 
months his symptoms had all leturned, and at opeiation I found the tumoi 
just as large as the original one In fact, the gross appeal ance did not seem 
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to be much dififeient At the second operation I took out the whole tumoi 
and then thoioughly cauterized, using the Bovie unit, eveiything within the 
mteinal auditory meatus I think we aie justified in pioducing a facial paraly- 
sis m all these individuals It can be collected by a spmofacial anastomosis 
The lattei preseives the tone of the face and the patients can smile voluntaiily 
I admit they do not smile mvoluntai ily If they want to make a good appeal - 
ance, they have to' think about smiling, but that is infinitely bettei than having 
a recurrence, as some patients do m a compai atively short time 

I think the actual moitality foi complete excision of acoustic tumoi s by the 
technic Doctor Horrax has shown, is no gieatei than the paitial opeiation 
which has been pei formed so many times befoie, and the final lesults, so far 
as the patient is concerned, are infinitely hettei 

Dr Frederick L Reichert (San Fiancisco) The discontinuance of the 
whose exposure of the cerebellum and the use of the unilateial approach with 
a deliberate lesection of the outei part of the cerebellar lobe has made a 
marked improvement in the opeiative removal of the acoustic tumors 

We have tried to save the facial neive, which is a much tougher neive than 
the eighth, and by carefully dissecting the capsule down to the seventh nerve 
and then coagulating it, we have been able, m the last few cases, to pieserve 
the facial nerve I think that is a procedure that might be tiied m many of 
the cases 

Dr Gilbert Horrax (closing) There was one thing which I neglected 
to mention, and that concerned the mteinal auditoiy meatus We did save 
the patient’s facial nerve m one instance, but m my expeiience, the tumoi s 
always extend well into the internal auditoiy meatus to quite a considerable 
depth and, theiefoie, if you aie going to be suie of getting every cell out, you 
must deal with it in some way, and what I should have said w^as that w'^e always 
curet the meatus, and not only that, but it has been found necessaiy, very 
usually, to either chip off the bony ridge over the meatus so that you can get 
at It bettei , or make some bui openings there with a small di ill and take it off 
that way, lest you should bieak into the mastoid cells by chipping it off 
Then we not only curet out the meatus, but also coagulate as fai in as possible 
wuth some suitable instiument 

Now, It IS tiue, as Doctoi Reicheit says, and as w^e have done once and as 
Di Hugh Can ns, of London, has done once, as doubtless otheis have, that 
we can save the facial nerve, but I am very sure m so doing we do leave some 
cells 

It IS obvious that not all of these tumors are going to recui as rapidly as 
the one Doctoi Feet has mentioned, because some of them have gone on for 
many years On the other hand, I feel we aie leaving a loophole for recui - 
rence if we do spare the facial neive, although one would ahvays like to, so 
it IS our custom, almost invariably, to curet out the meatus and cauterize it 
with the electrosurgical outfit so that we can be sure of not leaving any cells 
to recur 
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It is with an apology that I impose upon this Society a papei upon a sub- 
ject which has been studied and analyzed so many times by those who have 
had moie extensive and much nioie expeit knowledge than I Still, theie is 
an unexplainable fascination about vasculai disoideis and they offer a leal 
challenge, foi the anatomy and cn dilation of the blood have not completely 
lost then ni3'-steiy, though Harvey has been dead foi neaily 300 years The 
addition of foui cases to the long list of inti acranial aiteiiovenous aneurysms 
alieady repoited is a small justification foi the papei, and yet each one shows 
some points of intei est, either m anatomy 01 in its 1 espouse to treatment 
Because the larger aiteiies and veins within the skull do not parallel 
one anothei , fistulae, othei than the congenital angioma where direct ai tei 10- 
venous communications occui without capillaiies intei veiling, are lare except 
foi the caiotid-caveinous sinus type, which may be congenital or moie often 
tiaumatic in etiology But, as has been fiequently noted, because of the un- 
usual anatomic situation of the caiotid aiteiy within the cavernous sinus 
befoie it leaches the biain, such fistulae aie lelatively common The cirsoid 
mtiacianial aneurysms, though less fiequent, aie often confused with the 
carotid-caveinous types Two of the cases heie lepoited aie of this type and 
aie of a serious nature The pioblem of dealing with them is no less intei est - 
mg than the two caiotid-caveinous cases 

CASE REPORTS 

Case I — U H No 24892 J W T , white, male, age seven, entered the John Sealy 
Hospital, May 17, 1928, giving the following history Since birth the right side of the 
face had been of a darker color than the left and had appeared dusky and flushed at all 
times The condition had grown steadily worse during the past few years 

Physical Examination revealed a well-noui ished child, not acutely ill The whole 
right side of the face, scalp, and upper part of the neck was dark and cyanotic in appear- 
ance The superficial veins were engorged and could be seen pulsating The condition 
was not that of a cavernous hemangioma since only the normal number of veins weie 
present, although they were greatly engorged over the entire half of the face and head 
The right eye showed a moderate proptosis with congestion of the conjunctiva On 
auscultation, a loud bruit could be heard over the entire right side of the head, face, and 
neck There was a fairly sharp line of demarcation between the two sides of the face 
Pulse ranged from no to 120 at rest The eye examination showed the retinal vessels 
congested, but vision was apparently not defective 

We considered this a congenital cirsoid aneurysm after exploiing the carotids and 
finding no fistula between the carotids and jugular vein, but the location of the cirsoid 
aneurysm was never definite, and even now we are reluctant to predict its location Still, 
there is a possibility that there maj'' have been a carotid-cavernous aneurysm as well The 
tieatment was the same as if it had been such an aneurysm 

Read befoie the American Surgical Association, Hot Springs, Va, May ii, '12, 

13, 1939 
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Operahon — May 17, 1928 The common, internal and external carotids were ex- 
posed on the right side No fistula was found The common carotid was occluded with 
a Halsted aluminum band No cerebral symptoms developed, and following the opera- 
tion there was much less engorgement of the veins of the face and eye, the murmur per- 
sisted, though it was much less pronounced 

On July 28, 1928, the patient was again admitted to the hospital There was only 
slight improvement since the previous admission, and, according to the records, there was 
a very marked to-and-fro, swishing murmur audible over the right side of the face and 
head, much less marked on the left side Vision in the right eye was markedly diminished, 
and the eye was prominent It was thought that collateral circulation through the 
branches of the external carotid had restored the circulation 

Second OpetaUon — ^July 29, 1928 The right external carotid was exposed and 
ligated It showed only slight bleeding when cut The facial, lingual, occipital, and other 



Fig I — Case i Fatient ten years alter carotid o-clusion for 
cirsoid intracranial aneurjsm resulting in hemiplegia 

branches were separately ligated Following this operation the right side of the face was 
much less congested, and the murmur was much less pronounced, but to our surprise it 
now appeared louder on the left side of the face and neck This change was difficult to 
explain The patient went home on the fifth day, and on the ninth day after operation 
his mother noticed that his left hand, arm, and leg were partially paralyzed 

The patient was not seen again until March i, 1939 (ten years later), at which time 
we found him a boy of 18 years, weighing 160 pounds He was lame with the gait of the 
average long-standing hemiplegic The left leg was smaller than the right and quite 
spastic, with exaggerated reflexes The left arm was small, spastic, and underdeveloped 
The face was not involved in the paralysis, but the right side of the face and head was 
much larger than the left (Fig i) and was of a dusky color due to the great engorge- 
ment of all the superficial veins As on the first admission, the line of demarcation be- 
tween the two sides of the face was sharply defined The right eye was prominent, and 
the conjunctival veins were engorged A systolic murmur was present over the head, 
face, and eyes, still much louder on the left, or unaffected side The heart sounds were 
regular with a rate of no to 120 Compression of the right jugular increased the con- 
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gestion Compression of the left carotid did not effect the murmur Palpation on the 
light side of the skull revealed irregularities m the bone beneath the varicosed veins 
Roentgenograms showed extensive calafication over the cortex of the brain on the right 
side with grooving of the skull m many pieces from the dilated scalp veins Sight in the 
right eye was almost lost Fingers could be counted by this eye, but nothing more Vi- 
sion in the left eye was corrected to good sight with glasses The mentality of the boy 
was slightly below normal 

Roentgenologic Study — "The teleroentgenogram shows quite an increase m the car- 
diac shadow, the percentage of increase at the apex being i6 3 Studies of the skull show 
an unusual type of calcification over the right half of the cranium extending from the 
frontal area posteriorly to the occipitoparietal region The calcification appears to be 
within the skull, and is apparently m the meninges or the cortical area of the brain 
Throughout this area one can see canalizations which give the impression of vascular 
channels, suggesting that this calcification might be an extensive hemangioma of the 
cranium in the right parietal area There is marked thinning of the right temporal re- 
gion There is an irregular increase in the thickness of the skull Irregular defects in 
the frontal area due to dilatation in the emissary channels There is extreme dilatation 
of the diploic channels, especially in the right side” 

Discussion of Case i — ^There is some question as to the coirectness o! oui 
assumption that there was a carotid-caveinous sinus fistula in addition to the 
cavernous angioma, but because of the eye symptoms we could not ignore 
this possible conclusion 

Nine days following the internal caiotid occlusion, this patient developed 
a hemiplegia Whether this was due to ceiebral anemia following ligature 01 
the extension of a thrombosis to the circle of Willis, or due to an embolus 
dislodged from an old thrombosis lesultmg from the carotid ligature, we 
cannot say It seems more logical to attribute the paialysis to the cause last 
mentioned This complication might indicate that occlusion of the caiotid m 
the young is not without danger, though not necessarily so Another mtei - 
estmg obseivation was the shifting of the muimur to the left side of the head 
and neck following the occlusion of the carotids on the right side 

The results of the embolus were very deploiable The cerebial accident 
was more distressing than the oiigmal affliction The caiotid occlusions had 
improved the condition only temporal ily, and the location of the fistulae was 
still obscuie We surmised that they were mtracianial and multiple In the 
beginning we felt that there was an opening between the internal caiotid and 
the jugular at the base of the skull Though there was a great deal of back 
pressure in the ophthalmic veins of the light side, we could not be suie it 
was a carotid-cavernous fistula At the present time the patient’s parents will 
not agree to further treatment 

Case 2 Hosp No 57334 Mrs R, white, female, age 53, entered the hospital, 
January 21, 1938, complaining of a roaring in her head, headaches associated with vom- 
iting, and a staggering gait The symptoms had begun two years before, and during 
the past SIX months they had grown much worse, with the development of an ataxic gait 
Three months previously, the patient had an unconscious spell and was m bed several 
weeks with dizziness Neurologic and physical examination showed the patient to be a 
slight woman, undernourished and ill The pupils were equal and reacted to light The 
disks appeared normal Ocular muscles were intact with some lateral nystagmus There 
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was no facial weakness, but there was a marked cerebellar ataxia Equilibrium was better 
on the right foot than on the left There was ataxia on heel-to-knee test on both sides, 
more marked on the left Motor power and muscle status were normal There were no 
pathologic reflexes There was only slight bone conduction of the left ear The left 
fifth and eighth nerves were definitely involved, suggesting a posterior fossa lesion 

There was a visible pulsation of the vessels below the left ear and over the left 
mastoid area, and a palpable thrill was found m this region A loud systolic murmur 
was heard over the entire head, loudest over the left mastoid region and less pronounced 
on the right Compression of the right carotids did not influence the murmur, nor did 
compression of the left common carotid But compression of the carotid on the left side 
at the bifurcation stopped the noise completely The veins of the head were only slightly 
congested Roentgenogram of the skull was negative Diagnosis Intracranial arterio- 
venous aneurysm of the cirsoid type 



Fig 2 — Case 2 Greatly enlarged ascending phar>ngeal artery suppbing chief 
circulation to intracranial cirsoid aneurysm 


Opeiation — February i, 1938 The left carotid vessels were exposed under local 
anesthesia Arising from the fork of the common carotid was an abnormally large ves- 
sel, evidently the ascending pharyngeal, which is ordinarily very small but here was half 
as large as the internal or external caiotid (Fig 2) It r\as thin-walled and more 
purplish in color than the large arteries Compression of the common carotid did not 
affect the murmur, nor did compression of the internal and external separately Occlu- 
sion of the ascending pharyngeal stopped the murmur This vessel was cut between 
ligatures, and the external carotid was also ligated Convalescence was uninterrupted, 
and the patient remained in bed for ten days She was much better in every way, the 
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1 oaring in the head had gone, headache and vomiting and ata\ia gait were greatly im- 
proved She left the hospital, Februaiy 12, 1938 

The patient entered the hospital again on March 28, 1938 She ivas in good general 
condition, but there was nerve deafness in the left eai as before There was no ataxia, 
and the patient heard the murmur only slightly, but the palpable pulsation had returned 
over the left mastoid area though it was less pronounced than previously A bruit was 
heaid over this area, more limited than before The left superficial temporal artery was 
not palpable 

Second Opeiatwn — March 29, 1938 A cuived incision was made down to the skull 
over the mastoid region, sui rounding the vascular area previously described, and the 
flap was turned up with all branches of the great auriculai and occipital arteries severed 
and tied The laige emissary mastoid vein was ligated as it entered the skull The 
result was a cessation of the muimur as well as the pulsation 

A follow-up in February, 1939, reported that the patient was comfortable, free from 
all symptoms except the left ear deafness and the presence of a faint bruit 



Fig 3 — Internal carotid after passing through cavernous sinus (after 

Jackson) 


Discussion of Case 2 — This case is of anatomic mteiest because of the 

/• 

pait played by the ascending phaiyngeal artery, which has assumed enormous 
proportions, though noimally it is veiy small and insignificant This artery 
passes upwaid, supplying branches to the phaiyngeal-tympanic tube and 
palate, and its mfenoi tympanic branch accompanies the tympanic branch of 
the glossophaiyngeal neive to the tympanic cavity It also gives off the pos- 
terior meningeal, branches of which enter the skull thiough the foramen 
laceium, jugular foiamen, and anterior condylar canal The ligature of the 
ascending pharyngeal artery decreased the activity of the aneurysm Though 
the murmur and thrill disappeaied for some time, improvement was perma- 
nent only after destroying externall)i the communicating circulation through 
the cianial vessels over the mastoid and occipital legions, which was chiefly 
thiough the large emissary mastoid vein into the cranium 

Caiotid-caveinous aneurysms have been given a most thorough study and 
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extensive discussion in medical literatuie, and still they have their hidden, 
unexplained pioblems Locke collected from the hteiature 588 cases re- 
ported prioi to 1923 Doi ranee and Loudenslager leviewed 275 cases oc- 
curimg between 1908 and 1934 These represent a small number of the cases 
actually occurring The conti ibutions of H Sattler, deSchweinitz, C H 
Sattler, Matas, Locke, and moie recently Dandy, should be carefully studied 
and restudied befoie one attempts to tieat such an aneuiysm We offer very 
little new upon the subject, but submit the leports of two cases, some features 
of which are of interest as an anatomic study, as well as the results of the 
treatments employed 

Case 3 — U H No 26069 M R, Negro, female, age 39, entered the John Sealy 
Hospital, September 27, 1928 She was a well-nounshed Negress, not acutely ill She 
stated that for the past two months the right eye had been swelling at night and subsiding 
m the morning when she got up She had had pain in the eye in addition to the swelling 
One week following an attack of influenza she was awakened at night by a feeling as if 
“something turned loose inside her head and there was a noise in her right ear like a 

train puffing and roaring ” It seemed 
as if the sound came from under the pillow 
From the time of onset this noise annoyed 
the patient constantly It was somewhat 
worse at night 

Physical Examination revealed that the 
pupils were unequal (right Mm , left 35 
Mm ) but they reacted to light and accom- 
modation There was some puffiness of the 
upper lid, evidently an engorged vein Con- 
gested veins stood out in the right sclera, 
and there was slight exophthalmos of the 
right eye There was some congestion of 
the conjuctiva Both eyes were sensitive 
to light, and dark glasses were worn 
Movements of the eyes were normal ex- 
cept for a slight external deviation of the 
right eye to three degrees The ins on the 
right side was congested, and there were 
enlarged veins on examination of the fundus 
The veins on the right side of the neck 
were engorged and visibly pulsating A 
loud systolic murmur was heard all over 
the right side of the neck and head, being 
most marked over the temporal region and 
the right eye Firm pressure on the right 
common carotid stopped the bruit but caused pain The pulse was regular, too per minute , 
blood pressure 150/90 A harsh systolic murmur was pronounced over the aortic area 
and was transmitted to the neck There was no evidence of an aortic aneurysm Roent- 
genograms of the skull and chest were negative Blood Wassermann was negative 
Diagnosis Carotid-cavernous aneurysm of the right side 

Opeiation — October 15, 1928 Under local anesthesia an aluminum band was applied 
to the common carotid of the right side, and the artery was completely occluded The 
patient said the noise disappeared The venous congestion m the eye immediately im- 
proved, but after a few weeks the noise, murmur, and eye congestion reappeared, though 
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they were less marked than before operation The patient was admitted to the hospital 
two months later 

Second Opci atwn— Janmry 30, 1929 Local anesthesia Much scar tissue was 
found about the right common carotid at its bifurcation, resulting from the pievious oper- 
ation The metal clip was found in the scar It had cut through the artery and become 
encysted Following ligation of the internal and external carotids separately with chromic 
catgut, the noise ceased 

The patient was examined again m February, 1939, ten years later There had been 
no return of symptoms The eyes weie normal in appearance (Fig 4) and vision was 
good except for changes due to age The aortic valve systolic murmur was still present 
Blood pressure 200/100 An E K G was normal, and Wassermann tests were again nega- 
tive The patient had enjoyed good health and had been legulaily employed as a cook 
for the past ten years 

Discussion of Case 3 — That this was a carotid-cavernous aneurysm can 
baldly be questioned even though no history of traumatism preceded its de- 
velopment This patient had an aoitic valve muimur, and though the blood 
Wassermann was negative, syphilitic artei lovascular disease is so common 
among the Negio race that we may theoiize that this instance of peiforation 
of the carotid artery into the cavernous sinus was the lesult of syphilitic 
aiteritis The patient was cured, as aie 40 pei cent of such cases, by unilateral 
obstruction of the common and internal caiotid artery 

Case 4 — Hosp No 61173 A L, white, female, age 32, entered the John Sealy 
Hospital m December, 1938 She had always enjoyed good health until November, 1930, 
when she was in an automobile accident and was unconscious for 12 hours, during which 
period there was bleeding from both ears and from the nose When she regained con- 
sciousness, she noticed a swishing noise in her head which persisted without remission 
After four months the right eye began to protrude and pulsate 

On April 22, 1932, Dr R B Alexander of Waco, Texas, ligated the right common 
carotid artery with two catgut ligatures, and the artery was cut between The pulsation 
apparently disappeared, but by October the condition was about the same as before the 
operation On October 23, 1932, the right internal and external carotids were ligated 
and severed Recession of symptoms was for a shoit time only At the present time the 
prominence of the eye and the dilatation of the veins over the forehead reappeared For 
the past two years the vision of the right eye had been failing, and now the patient was 
unable to read with it The vision of the left eye was good 

Pulse 95, regular and of good volume Blood pressure 112/70 There was a 
marked protrusion of the right eye, the exophthalmometer reading being 27 Mm (Fig 5) 
The veins in the sclera, above the eyeball, below the eyeball, and over the forehead were 
all dilated and visibly pulsating A systolic bruit could be heard over the entire head but 
was loudest over the right eye and the right side of the head With compression of the 
left carotids, which the patient tolerated, the bruit decreased The eyes showed weakness 
of the lateral muscles Pupils reacted to light and convergence The right fundus 
had a noimal disk, but the veins were toituous The same condition was present in the 
left fundus to a less marked degree Cianial nerves were normal 

Since the caiotids on the right side had already been occluded in the neck, intra- 
cianial occlusion of the right internal carotid was decided upon 

OpcwHon January 20, 1939 An osteoplastic flap was turned down over the right 
frontal region (hypophyseal approach) A large amount of subdural fluid escaped when 
the dura was incised, and a quantity of subarachnoid fluid also escaped when the very 
tough arachnoid was incised This escaping fluid, which seemed excessive in amount, 
left an abundance of room Upon elevating the frontal lobe, the internal carotid arterj'' 
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became quite accessible It was smaller than the optic nerve alongside it and was purplish 
m color and not visibly pulsating A large-sized silver clip was placed astride it and 
forced together with apparently little pressure within the vessel 

The patient showed no undue disturbance from the operation The right eye seemed 
less prominent, and the dilatation of the veins was less marked The bruit could not be 
heard any v here over the head The right pupil was dilated Within two weeks the 
pulsation became faintly perceptible in the right eye The veins grew more prominent, 
and the bruit could be heard over the same areas as previously, though not as distinctly 
The patient could hear the noise faintly in her right ear 

Following the inti acranial ligation, them etically the blood passing through the fistula 
must have been backflow through the ophthalmic artery from anastomosis with branches 



Fig s — Case 4 Pulsating exophthalmos right Fig 6 — Case 4 Prominent ophthalmic \eins 

e\e SIX years after right carotids were occluded present after intracranial occlusion of internal car 

otid and occlusion of opposite external carotid 


of the external carotid vessel on the left side It was decided to ligate the left external 
carotid, and this was done under local anesthesia, February 3, 1939 The bruit was lost 
as soon as the arterj" was occluded The pulsation of the eye ceased, and the dilated 
veins receded (Fig 6) 

Three da3'^s latei the muimur could be heaid with the stethoscope over the left eye, 
the left side of the head, and down the left side of the neck, although the patient could 
no longer hear a bruit No sound was heard over the right ej^e or the right side of 
the head 

Bjr March i, 1939, the murmur was still absent over the right eye but was pronounced 
on the left side The orbital veins were filled with blood undei a fair degree of pressure 
It was decided to inject the ophthalmic veins, and 4 cc of 50 per cent glucose were in- 
jected At the same time an effort was made by pressure to prevent the blood from 
escaping over the forehead and across the nose When the needle was introduced into 
the vein, bright red arterial blood vas aspirated The patient experienced no discomfort, 
and there was no sign of any sclerosing or clotting following the glucose injection 

Ten days later, an injection of i cc of sodium morrhuate was made m the same 
waj The patient experienced severe pain for 15 minutes or more Within 24 hours 
there was a marked reaction, the eje being engorged with blood with a small subscleral 
hemorrhage and much swelling The inflammation spread over the forehead, and the eye 
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condition appealed alarming, but after four or five days the reaction subsided (Fig 7). 
and thrombosis was evident in the peripheral branches of the ophthalmic veins about the 
eye and over the forehead Two months later the eye had receded markedly, vision had 
improved, and the orbital veins were not visible (Fig 8 ) The murmui was still faintly 
audible over the eye, face and neck of the sound side but not on the affected side The 
patient was quite happy about the result 

Dtsciisswii oj Case 4 — This case is of inteiest m that it lepiesents prac- 
tically all staiidaid proceduies generally used for treated caiotid-caveinoiis 
aneurysms, including the ligation of the caiotid arteiy -within the skull as 
well as the injection of the ophthalmic vein with a sclerosing solution The 



Fig 7 — Case 4 A few days after injection Fig 8 — Case 4 Three months aftei injection 
of ojihlhaimic veins with sodium morrhuate Thiombosts effectual 

Marked inflammatory reaction 


obstiuction of the common, internal, and external caiotid arteries on the 
aftected side failed to influence the symptoms except for a short time The 
ligation of the mteinal carotid within the skull resulted in a niaiked remission 
of symptoms The biuit and pulsation of the ophthalmic vein and the eye 
ceased for seveial days but letuined in a lessei degree There was some 
lecession of the eye 

Occlusion of the carotid within the skull, for pulsating exophthalmos, was 
fiist pei formed by Zeller, in 1911, accoidmg to Dandy, but due to an acci- 
dent the patient died of hemorrhage Hamby and Gardnei (1933) ligated 
the aiteiy intiacianially with a silk ligature, as did Zeller Improvement, 
but not complete cuie, lesulted immediately in this case Dandy, in April, 
^ 934 > used a silvei clip to occlude the aiteiy intiacranially and opeiated 
upon a second case in July of the same yeai In both instances marked 
irapiovement resulted, and in one case there was a cure without further 
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tieatment In the othei case, obstiuction of the branches of the conespond- 
ing external carotid and latei a dissection of the ophthalmic veins of the same 
side wei e necessai y before a complete cui e was effected 

When one examines the anatomy of the internal caiotid artery, it seems 
quite logical to ligate it inside the skull following ligation in the neck It 
may readily be seen that the only cii dilation left then to feed the fistula is 
thiough the ophthalmic aiteiy with a leveisal of the direction of the flow of 
blood It is tiue that theie aie othei veiy small vessels leaving the internal 

caiotid m this segment, the caiotid-tympanic, 
hypophyseal, and meningeal blanches, but 
they aie veiy small Still one cannot ignoie 
the compensating enlaigement possible m 
even small ai teries when circulatory demands 
aie put upon them Theoretically, it is quite 
sui prising that the sinus should peisist as it 
did 111 our case and one of Dandy’s Though 
complete cm e may not result, great improve- 
ment must follow the intracianial ligation if 
the extracianial ligation precedes it 

AVe wish to confirm the statement of 
Dandy to the effect that the approach to the 
caiotid intiacianially and the application of 
a clip ai e compai atively easy procedui es and 
should be accomplished with little dangei of 
a seiious accident occurring 

Because the sinus persisted after the in- 
tracranial ligation. It was evident that the 
ophthalnic aitery was receiving blood fiom 
Its peiipheral anastomosis and likely from 
the internal maxillaiy and facial blanches 
from the opposite external caiotid (Fig 9) 
This influenced us to ligate the left external carotid (Our expeiience in liga- 
tion of the external caiotid foi nosebleed and tonsil hemorrhage has shown on 
seveial occasions that occlusion of one vessel alone has little influence on the 
bleeding, but ligation of the second vessel is quite effective, and sufficient blood 
IS still available for the tissues supplied by the vessels ) The ligation of the 
opposite external carotid and its blanches lesulted in the complete disappear- 
ance of the pulsation fiom the light eye, the prominent veins decreased, and 
fuither recession of the eye resulted The noise to the patient completely dis- 
appeared By the stethoscope, the bruit disappeai ed from the right side of the 
head and eye but appeared distinctly over the opposite eye and the left side of 
the head and neck This shifting of the murmui as m Case i was quite puz- 
zling The communicating veins between the two cavernous sinuses are quite 
small norinall}^ but due to the long inci eased pressui e within the sinuses they 
would have become greatly enlaiged Cases are reported by Sattler and 
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Dandy where the opposite eye became involved following occlusion of the 
ophthalmic vein on the affected side, which must have been due to the pas- 
sage of blood thiough the communicating veins to the othei sinus In this 
instance, theie was not an occlusion of the ophthalmic vein on the affected 


T^pamc 
Arteries 


Venous 

Plexus 



Fio 10 — Small branches other than the ophthalmic come off the in 
ternal carotid (after Spalteholz) 




Fig 12 — Abnormal anastomosis 
between middle meningeal and oph 
thalmic arteries (after Adachi) 


side following the ligation of the opposite external carotid On the other 
hand, the obstiuction of the lemainmg external carotid greatly lessened the 
blood flow and pressuie in the veins of that side of the face and encouraged 
the blood to pass thiough the communicating veins to the other cavernous 
sinus and into the other ophthalmic vein 
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This IS a M eak explanation of the shifting of the mui inui to the unaffected 
side Dr C T Stone, a cardiologist of the Univeisity of Texas, suggests 
that this was a new muimur caused by eddies in the current of blood through 
the lemaming inteinal caiotid Dr George Heriinann, also a cardiologist, 
considers that “the transfer of the murmui to the left side is a part of the 
compensatoi y mechanism, which consists m dilatation of the proximal or 
common carotid artery, even extending as fai back as the aorta, and the 
murmur may be due to the dilatation ” These explanations of the shifting of 
the murmur to the opposite side of the head in Cases i and 4 are still not 
satisfactory It is true that bilateral fistulae do occui, as repoited by de- 
Schwenty, but since there was no evidence of symptoms m the opposite eye 
previously, we doubt that the muimui was due to anothei fistula here 

Communicating 

branches 


Sinus 


Fig 13 — Communicating branches between ca\ernous sinuses 
(after Jameson) 

Pi ognosis m Cai ohd-Cavei nous Anew ysins — The untreated cases may 
result m (i) Death from hemoirhage m the traumatic cases at the tune of 
injury or later Nine deaths from hemoirhage from the nose weie repoited 
by Sattler, or 3 per cent of all aneuiysms collected (2) Damage to vision 
and loss of the eye is a common complication, not more than 20 per cent 
letain good vision, according to deSchweinitz Nolan reports complete loss 
of sight m one eye in one untreated case, and in another, not onlj'- the sight 
m one eye was lost but almost complete blindness resulted 111 the other If 
not complete loss of vision, there is often loss of accommodation with devia- 
tion of the e3^e, resulting m double vision in a great majority of cases (3) The 
distress from the noise is often unbearable Our third patient described it as 
“like a tram puffing and 1 oaring all the time” m her head The distress seems 
augmented m the stillness of the night, making sleep difficult 
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Cmes — cuie of the fistiilae tends to follow a deciease in the arteiial 
piessuie and a slowing of the blood flow within that part of the carotid It 
IS geiieially conceded that thrombosis is the cause of the occlusion This 
opinion IS expressed by many wiiteis, and that cures have lesulted fiom 
thiombosis of the ophthalmic vein alone suppoits this theory Still, in Dor- 
rance’s explanation of the results of serial arteiial ligation, he says that “cut- 
ting down the size of the aitery by decreasing the volume of blood it carries 
should deciease the size of the fistula, with piogiessive lessening of the col- 
umns transported by the pioximal aiteiy Obliteration of its lumen could 
consideiably i educe the size of the fistula sufficiently so as to approximate its 
edges and peiniit union” 

Spontaneous Cwes occur m fiom 6 to lo per cent of cases These may 
occur soon after the fistula has developed or after many yeais The cuie 
results from a thiombus occluding the communicating opening except for the 
possible occasional occlusion of the opening by scar contracture Thrombosis 
IS encouiaged by slowing of the aiteiial flow of blood and probably throm- 
bosis occuriing fiom the venous side A number of recorded cases have 
resulted in cuies following a cellulitis about the affected eye with a thrombo- 
phlebitis of the orbital veins Evidently the thrombosis extended into the 
cavernous sinus 

Tieatment — Tieatment has been diiected to such pioceduies as would 
be expected to promote thiombotic occlusion of the fistula One of the 
simpler ones is piolonged compression of the carotid vessels, as well as the 
venous channels about the eye Some i6 of 8o cases collected by Keller, 
deSchweinitz and Sattlei weie cured by prolonged compression of the 
cai otids, and Matas, Locke, and Naffziger have devised mechanical apparatus 
for prolonged pressure on the cai otids The results from obstiucHon of the 
oihital vents have not been so favorable Subcutaneous mjechon of gelatin 
has resulted in cuies m a few cases, but the fear of damage to normal struc- 
tures has caused it to be used only occasionally 

The mjechon of sclei osmg dt tigs into the ophthalmic veins seems to have 
been little employed, though, theoietically, this should be expected to be an 
efficient remedy The fear of thrombosis extending into the laiger venous 
sinus within the skull has deterred those who have proposed such a remedy 
A few injections are repoited, but these occuired long ago and were with 
substances of unceitain sclerosing power The extensive practice of throm- 
bosing vaiicose veins at the piesent time with various drugs with success, 
probably gives us sufficient experience to use them in this way with success 
and less dangei The cuiient of blood in the veins is flowing away from the 
fistula, theiefore, the injection is against the current, and the solution will 
not pass easily along the ophthalmic m the direction of the sinus We found 
the attempts at injecting sclerosing solutions anxious procedures, though 
the outcome was quite satisfactoiy, and we should not hesitate to inject 
sodium monhuate into the ophthalmic vein again if the occasion arose It 
should be moie effective and a safer procedure than dissection of the veins 
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Opeiatwe Tieatinent — The following piocedmes have been cained out 
for treatment of pulsating exophthalmos 

(1) Obstiuction of the caiotids extract anially with ligatures, metal bands, 
and fascia, partially or completely This may take the form of 

(a) Ligation of the common caiotid alone or preceding ligation of 
the internal carotid oi external carotid on the same side, 

(b) Piimaiy ligation of the internal carotids, 

(c) Ligation of both carotids, usually at intervals, 

(d) Intracranial occlusion of the internal carotid after extracranial 
ligation 

(2) Plugging the fistula itself with muscle by inserting it in the inteinal 
carotid in the neck (Brooks, Hornby and Gaidner) 

(3) Excision of tlie ophthalmic veins thiough the orbit 

(4) Evacuation of orbital contents and attacking the fistula at the apex 
of the orbit 

Beginning with Travers’ ligation of the common carotid upon his patient, 
in i8og, arteiial occlusion has been by far the method most often selected for 
the treatment of this condition Impiovement invariably follows one or more 
of these proceduies, but often it is only temporary Cures have resulted in 
some 60 pel cent of cases by carotid ligations in the neck (Locke) Intra- 
cranial ligation will inciease the numbei of cures 

The dangers to the ham fiom the hgation of the laigc) aite)ies are well 
recognized Weyth, m 1888, leports a mortality of 40 per cent following 
carotid ligation Matas reports 80 cases of ligation of the common 01 internal 
caiotids with ii per cent showing ceiebral complications and 75 per cent 
mortality 

Dandy says that “aftei the age of 35 one should legard total hgation of 
either common 01 internal carotid arteiy as a potential cause of death 01 
cerebial disability, and theiefore to be undertaken only after testing the 
collateral ciiculation befoiehand or otherwise when the occasion leaves no 
escape After age 60 or even 50, few total ligations are possible without 
disastrous consequences ” 

The age of the patient is geneially consideied an impoitant factoi Still, 
Reid says “We believe that the older patients aie, the less likelihood tnere 
IS of cerebral disturbance following hgation of the caiotid artery — certainlv 
our experience has been that it is safer to ligate the carotid vessels in older 
people than in young people ” 

These dangers may be lessened by gradual or intermittent occlusion of 
the vessels ovei seveial weeks’ time The hgation of the common carotid, 
followed after a few weeks’ inteival by ligating the coi responding internal, 
IS less hazaidous than primary hgation of the internal Bilateial ligation of 
both common carotids has been too often fatal to be advised 

Intracianial ligations aie quite feasible and should not be condemned 
They have been disappointing, 111 that cuies have not always followed, though 
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gieat improvement does result df one could be sure that the muscle plug 
inserted m the carotid in the neck would not reach the circle o£ Willis, A 
would be a most direct and logical lemedy 

CONCLUSIONS 

With oui piesent knowledge and experience, we would suggest the fol- 
lowing line of treatment for cai otid-cavei nous fistula 

(1) The common caiotid in the neck should be compressed for a peiiod 
of time This proceduie may cure the spontaneous type or make ligation of 
the common caiotid safer 

(2) The common carotid should next be ligated 

(3) If this is unsuccessful, after waiting a few weeks, the mteiiial caiotid 
should be occluded At the same time sepaiate blanches of the external 
carotid on the same side should be ligated 

(4) Should symptoms peisist, one has the choice of intracranial occlu- 
sion of the internal carotid, or 

(5) Injection of the ophthalmic veins with scleiosmg solutions such as 
sodium morrhuate This should be a useful proceduie and we would be 
inclined to give it piefeience However, fuither expeiience will be necessaiy 
before its true value is detei mined 

(6) Ligation of the opposite external carotid will markedly influence the 
ciiculation through the fistula, and since it is without dangei, it should be 
included as a late lemedy in i educing the collateial circulation to the ophthal- 
mic aitery 

I wish to acknowledge with thanks my indebtedness to my associate, Dr S R Snod- 
grass, for his skillful exposure of the carotid artery within the skull to which the silver 
clip was applied 
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Discussion — Dr Mont R Reid (Cincinnati, Ohio) As compleinentaiy 
to Doctoi Singleton’s papei it might be inteiesting to cite a case which is 
very similar to the second case he leported The patient, female, age ii, was 
fiist operated upon by Doctor Halsted in 1911 She piesented an extensive 
ciisoid condition about the light ear, mastoid and face, associated with a 
“noise” in the head and a slight exophthalmos At this operation, a vei}'- large 
exteinal caiotid artery was found This was ligated and many large veins 
weie excised Some laige arteiiovenous fistulae weie definitely identified 
This opeiation was followed by a peiiod of maiked improvement, but after 
the lapse of seven years the condition was essentially the same as hefoie this 
first operation At the second opeiation I found the ascending pharyngeal, 
which was noted to be veiy small at the fiist opeiation, to be as laige as a 
normal external caiotid artery It was ligated and othei laige veins were 
excised Foi a peiiod of four yeais, the condition was markedly improved, 
but aftei the lapse of eight years, I was mfoimed that the external appeal ance 
was essentially the same as before the last opeiation, although the bruits 
and thrills weie less maiked and the patient was not annoyed by noises m 
the head 

Doctor Singleton’s thud case illustiates the usual futility of ligating the 
common caiotid artery foi a tiaumatic cavernous smus-caiotid ai tei lovenous 
aneurysm When this is done, theie is an immediate leversal of blood flow 
m the external caiotid arteiy, and a large amount of blood flows backward 
to the bifurcation and thence upward through the inteinal caiotid artery to 
keep the fistula alive and active To avoid this, I have foi many yeais ad- 
vocated ligating the external caiotid arteiy and occluding the common caiotid 
with an aluminum band This gives the maximum i eduction of blood flow 
through the fistula and also the piecaution of being able to lemove easily the 
aluminum band and lestoie cii dilation should ceiebial symptoms develop 
His fourth case illustiates beautifull}'- the additional advantage of ligating 
and sclerosing the supra-oibital veins in addition to the woik upon the 
aiteiies of the neck 

In suppoit of this aigument, I am peimitted by Dr Fiank Mayfield, of 
Cincinnati, to lefer to one of his cases It was a typical instance of traumatic 
pulsating exophthalmos A ligation of the common caiotid artery was fol- 
lowed by a very transitory impi ovement and then a rapid return of all symp- 
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toms and signs A subsequent ligation of the external carotid aitery was 
followed by so much impiovement that the patient was not conscious of any 
biuit, although it could be heard thiough the stethoscope Latei, a division 
and thiombosis of the supia-orbital vein was followed by a complete cuie All 
of these operations could have been performed at one time although, as done 
m stages, the risk of cential disturbances may have been lessened However, 
when the maximum reduction of blood flow thiough such a fistula is sudden, 
the incidence of cuies is ceitain to be higher 

I am glad that Doctor Singleton has called attention to the fact that 
spontaneous cures of tiaumatic pulsating exophthalmos do occui He esti- 
mates the incidence fiom 6 to lo per cent Could not this incidence be in- 
ci eased by putting our patients to bed in the Fowlei’s position and instituting 
other measures to reduce the amount of blood flow through the fistula^ 

Doctor Singleton’s report of a case in which he ligated the opposite ex- 
ternal caiotid artery after doing all he could on the side of the fistula is 
most interesting This opens up another theiapeutic procedure which may, 
if necessaiy, be brought into action in the treatment of this difficult problem 
of intia- and extracianial cirsoid aneuiysms In the first case I cited, it 
seems obvious that this procedure should have been done, inasmuch as four 
years after the last operation temporary occlusion of the left common cai otid 
aitery affected the biuit as much as did occlusion of the right vessel 

Dr Gilbert Horrax (Boston) My experience has been almost en- 
tiiely with the cnsoid type of lesion in the biain In two or thiee instances 
we have turned down a bone flap and exposed such a cirsoid aneurysm 
These lesions, of couise, extend below the surface, and spread out ovei the 
cortex throughout a wide aiea 

The patients upon whom we have perfoiined this operation have suffered 
fioni epilepsy of one type or another, or possibly from other inti acranial 
symptoms, and what we have done at the time of operation is to seal off 
by electi ocoagulation a large numbei of the great venous tiunks They will 
shiivel up with the coagulating curient veiy well, and you can effect a very 
extensive coagulation in that way Whether or not that is going to prove 
efficacious in stopping the spi ead oi the inci ease in size of these blood vessels, 
I am not sure, but so fai the attacks have been diminished 

Dr George J Heuer (New York, NY) In the hope of provoking 
fuithei discussion of the treatment of the inti acranial cirsoid aneurysms in- 
volving the ceiebial cortex, I should like biiefly to refer to six cases of this 
condition seen duimg the past few yeais The patients presented themselves 
because of headaches, convulsions, transient hemiparesis or noises m the head 
Two weie young children, two young people of 14 and 20, two adults of 40 
and 43 In none was theie a history of injury to account foi the condition 
All, on auscultation, piesented loud bruits either over one side or over the 
entire head Ventiiculogiams m five of the six cases showed slight displace- 
ment or distortion of the ventricle on the side of the lesion, but of course 
failed to give any infoimation legaiding the extent of the lesion An attempt 
to delineate the extent of the lesion by the use of thorotrast was made m three 
cases In one, it was successful, and no haim followed its employment 

Om tieatment of these patients as yet may be spoken of as tentative or 
palliative and it is foi this leason we should be grateful for suggestions In 
two of the cases, we have peifoimed ligation either of the light or left external 
and common caiotid arteiies The result in one has been steadj?^ improve- 
ment, in the other, slight if any improvement In two cases, a ciamal explora- 
tion and decompression was combined with the administration of fiom 3,600 
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R units to 9,600 R units of roentgenotherapy In one case, the headaches 
have improved and the frequent convulsive seizures reduced to one during 
the past three yeai s , in the other cases, there has not been any improvement 
In one case, a cranial exploiation and decompression was follo"’’ed bv luxation 
of the right external and common carotid arteries and the administration of 
13,000 R units of roentgenotherapy The result has been a diminution in 
the number of convulsive seizures One case thus far has refused tieatment 
These cases will be leported in more detail at a later date 

Dr William Jason Mix ter (Boston) It seems to me that Doctor 
Singleton has given us a very concise account of the handling of two quite 
distinct gioups of cases, because the arteriovenous aneurysms of the cavern- 
ous sinus must be consideied quite separately from the cirsoid aneurysms of 
the cianium or the brain 

I should think that his plan of action in regard to the cavernous aneurysms 
was excellent I do not know whether I would agiee with him absolutely 
in his choice of the last two methods, because I am rather afraid of sclerosing 
solutions in a place like the ophthalmic veins , nevertheless, his result in 
this case has been so good that I think he has the right to prefer it 

As regards the other group of cases which he mentioned, the two cirsoid 
aneurysms, theie we are dealing with a different problem, and we have to 
evaluate each particular case very much on its own merits accoiding to the 
structuies involved 

In one of his cases, the first, there was evidently considerable involve- 
ment of the cerebrum, and I w'onder wdiether the boy’s paralysis was due 
entirely to the ligation of the carotid or wdiether it w'as simply from progress 
of the lesion in the cerebrum 

These cases requiie a tremendous amount of cai e in recognizing the vessels 
involved, and I think the only thing that I w'^ould suggest w'ould be the use 
of thoiotrast, which m such cases as this is of great value in demonstrating 
wdiere the larger trunks he 

Dr Francis Grant (Philadelphia) With regard to Doctor Singleton’s 
problem of exophthalmos on the side of the aneuiysm, we have recently had a 
case in which the boy had been relieved by external ligation of various caiotid 
vessels, and consequent upon that the exophthalmos had continued wath the 
venous engorgement We explored that case for the possibility of either 
clipping the carotid intracranially or getting rid of the vein, and we took off 
the roof of the orbit I have had occasion to do that once or twnce for orbital 
tumois It IS a very simple thing to do In this particular case the vein w^as 
engorged in the orbit and it was a relatively simple matter to ligate them in 
that area Furtheimore, I think wnth the removal of the roof of the orbit 
the exophthalmos tends to decrease because you obtain decompression up- 
ward into the cranium The exposure that you employ would be precisely 
that for ligation of the carotid intracranially, and, as I say, the removal of 
the orbital roof is not particulaily difficult So if you happen to be faced 
with one of these problems of enlarged veins, that would seem to be a 
possibility for its control 

Dr Albert O Singleton (closing) I am very glad to have these able 
discussions recorded wnth this paper 

The real object of treatment is to occlude the sinus In the carotid- 
cavernous cases, wdiich are the ones that have created so much interest, it is 
a thrombosis that stops the fistula If one can slow the blood stream enough 
to allow clotting to occur, there is a cure This usually is attempted by an 
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attack upon the artei les, but, as Doctoi Reid pointed out, a complete stopping 
of the ciiculation through the carotid, that portion where the fistula is lo- 
cated, IS apt to result in cerebral symptoms of a severe natuie 

The observations are that many of these patients have been cuied by 
thiombosis of the ophthalmic vein, as in cellulitis, or thrombophlebitis, and 
apparently the thrombosis does not extend back faithei than the cavernous 
sinus, or far enough into the venous sinuses to be of great dangei to the 
venous circulation in the brain 

So I am strongly of the opinion that the injection of scleiosmg solutions 
into the ophthalmic veins will piove to be a veiy useful remedy in the treat- 
ment of this condition The cuiient of blood is lunning awa)'- from the brain 
and will not cany the solution into the cavernous sinus If thrombosis can 
be staited m the ophthalmic veins, it may, as in this case, extend back to 
the sinus and occlude the fistula without endangeiing the circulation 
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This paper deals in the wain with m3'asthenia giavis and ceitam abnor- 
malities of the thymus, and the possible lelationships of these conditions to 
each other It is recognized that any considei atioii of these subjects must 
be limited in scope because of the incompleteness of oui knowledge With 
regal d to tumois of the thymus Ewing^ states “No gioup of tumors has 
moie successfully lesisted attempts at intei pi etatioii and classification than 
those of the thymus The pioblems immlved include those which have com- 
plicated the embryologic and histologic study of the gland, while added dif- 
ficulties aiise from the compaiative laiity and considei able diveisity of the 
tumois, and from the somewhat impeifect knowledge of the geneial pathology 
of the thymus ” Thus, we wish to emphasize, at the beginning, that knowl- 
edge conceimng myasthenia giavis and thymic tumois, and the lelationship 
of these to each other, is i elatively meagei 

Myasthema Giavis — Myasthenia giavis is a disease chaiacteiized by 
abnormal fatigability of muscles, usually, but not always, attended by chai- 
acteristic lymphocytic infiltiation of these and othei oigans,- and frequently 
by abnormalities of the thymus, such as failure of involution and neoplasms 
Theie aie no chai actei istic oi constant lesions of the cential neivous system 
The occuirence of spontaneous i emissions indicates that whatevei the under- 
lying disorder may be, the changes it pioduces aie not irieveisible in nature 
Noriis® lecently stated “Histoncall}'^, myasthenia giavis has been re- 
garded from widely differing points of view At fiist it was believed to be 
a disease of the central nervous system, then legarded as an entity whose 
picture was produced by metastases fiom a malignant thymus, and then as 
a primary disease of the stiiated musculatuie of the body Our point of 
view then seemed to be changing towaid classifying it among the diseases 
of geneial metabolism, and finally the malady seems to be best legarded as 
a disturbance of the neuiomusculai mechanism, possibly upon an endocrine 
basis ” The prevailing theory at the piesent time is that there is m myasthenia 
gravis some inteifeience with the transmission of impulses across the 
myoneural junction Howevei this may be, the precise etiology of the 
disease is unknown The mechanism underlying its most outspoken mani- 
festations, weakness and abnoimally lapid fatigability of muscles, is poorly 

* Read before the American Surgical Association, Hot Springs, Va, May ii, 12, 
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understood Yet, in spite o£ this kck of knowledge, ceitaiii diugs have been 
employed in its tieatment nith a inodeiate degiee of success Among these 
aie ephedime, glycine, piostignnn and guanidine*^ The i espouse to pro- 
stigmin, in terms of tempoiaiily impioved muscle stiength and enduiance, 
has been found to be so constant that a theiapeutic test with this diug is 
consideied the best diagnostic sign of myasthenia giavis ^ 

Twno7s of the Thymus — An excellent description of the vaiiations in 
stiuctuie which may be encountered m thymic tumois is given by Ewing ^ 
He stated “A full suivey of the stiuctural vaiiatioiis leveals, at one extieme, 
a mixed process involving lymphocytes and leticulum cells, with giant, 
plasma, and eosmophile cells, piodticmg a stiuctuie nearly identical with 
Hodgkin’s gianuloina At the other extieme, aie nearly pine tumois of 
lounded oi polyhedial leticulum cells, ie, lymphosarcoma and carcinoma 
Hence the conclusion is i cached that the gieat majoiity of the thymus 
tumors, and especially the mixed growths, lepiesent infectious gianulomata, 
01 paiticulai foims of cell overgiowth aiismg on the basis of an infectious 
gianuloina” Since tumois of the thymic legion are relatively uncommon, 
and as one obseivei usually has the opportunity to study only a few lesions 
and because there is this difficulty m mteipietation of the structure, it is not 
suipiisuig that various points of view concerning the nature of the tumors 
have been expressed Regarding iiomeiiclatui e, Decker® stated “Thus by 
thymoma, Blown means caicmoina, Ciotti all tumois, Bell nonmahgnant 
tumois, Margolis all tumois of paienchymal origin” It is generally agreed 
that benign tumors of the thymus are encountered less fiequently than 
malignant ones Ciosby^ published, 'in 1932, a review of all malignant 
tumois of the th)anus reported up until that time The total number was 
166, 122 of which he classified as sarcomata and 44 as carcinomata The 
review of malignant tumois of the thymus was brought up to date by Decker,® 
111 1935, at which tune the total iiumbei was 208 Seveial have been recorded 
since that time Reports of benign tumois of the thymus are few in number 
and m most instances they have occurred in patients with myasthenia giavis 
Abnoi mahties of the Thymus and Myasthema Giavis — That there may 
be more than a casual relationship between m3^asthenia giavis and abnormali- 
ties of the thymus is suggested by their fiequent association The first 
desciiptioii of a thymic tumor in association with myasthenia gravis was 
reported by Weigert,® in 1901 BelR collected, from the literature of 1901- 
1917, 56 cases of myasthenia giavis in which autopsies 01 operations had 
been peifoimed Twenty-seven of these exhibited abnoimahties of the 
th)anus A diagnosis of thymoma was made in ten and the remainder weie 
lecoided as having either a persistent or an enlarged thymus The tabulation 
Avas continued by Noiiis^ and brought up to 1936 Among a total of 80 
necropsy reports on patients with myasthenia gravis, including those of Bell, 
35 record lesions of the thymus He stated “1 am of the opinion that 
pathologic changes may be found m the thymus in cases of m} asthenia gravis 
in diiect ratio to the care with which they are sought” A careful search 
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LESIONS or THE THYMUS IN MYASTHENIA GRAVIS 
(^Collected by Bell^ and Norris^) 


Patient Thymus 


Case 

No 

Year 

Author 

Age 

Se\ 

Enlarged or 
Persistent 

Tumor 

I 

1901 

Laquer and 

Weigert 

30 

M 


5x5x3 cm 

2 

1901 

Weigert 

— 

— 


A tumor 

3 

1901 

Burr and 
MacCarthy 

21 

P 

Enlarged 


4 

1902 

Hodlmoser 

18 

P 

Enlarged 


5 

1902 

Link 

43 

M 

3 cm long 


6 

1904 

Hun, Blumer 
and Streeter 

32 

M 


5x5x5 cm 

7 

1905 

Burr 

30 

M 

22 Gm 


8 

1905 

Buzzard 

40 

M 

9 5 Gm 


9 

1905 

Buzzard 

40 

M 

59 4 Gm 


lO 

1905 

Buzzard 

28 

P 

41 Gm 


II 

1905 

Dupr6 and 

Pagmez 

32 

P 

8 Gm , persist- 
ent 


12 

1907 

Stemert 

Elderly 

P 

Persistent 


13 

1908 

Meyer 

47 

M 

Enlarged 


14 

1908 

Booth 

II 

M 

11x5 5x1 cm 


15 

1908 

Mannesco 

31 

P 

Persistent 


l6 

1908 

Mandlebaum 
and Celler 

52 

M 


5x3 5x2 cm , 

20 Gm 

17 

1908 

Wiener 

67 

P 


A tumor 

i8 

1908 

Meggendorfer 

47 

M 


A tumor 

19 

1909 

Boudon 

17 

P 

36 Gm 


20 

1911 

Moorhead 

25 

P 

Persistent 


21 

1911 

Symes 

21 

P 

1 1 4 x7 6cm 


22 

1911 

Oppenheim 

40 

P 


A tumor 

23 

1912 

Klose 

23 

M 


A tumor 

24 

1913 

Schumacher 
and Roth 

19 

F 

49 Gm 


25 

1914 

Claude, G6ry and 
Porak 

51 

M 


A tumor 

26 

1915 

Hart 

— 

— 


5x4x4 cm 

27 

1915 

Hart 

30 

F 

Persistent 


28 

1917 

Bell 

58 

M 


6x3 6x3 5 cm , 

60 Gm 

29 

1921 

Bouttier and 
Bertrand 

Mid age 

F 

Persistent 


30 

1923 

Mella 

48 

M 


7 53^5 5x2 5 cm 

31 

1929 

Alter and Osnato 

31 

F 


9x7x6 cm 

32 

1934 

Brem and 
Wechsler 

27 

F 


4x2 5 cm 

33 

1934 

Brem and 

54 

M 


9x3 cm 


Wechsler 
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Table I {Continued) 





Patient 


Thymus 

Case 

No 

Year 

Author 

Age 

Sex 

Enlarged or 
Persistent 

Tumor 

34 

1936 

Norris 

37 

F 


10x4x4 cm , 

57 Gm 

35 

1936 

Noms 

33 M 

{Collected by Authors) 

5 8x4 8x1 2 cm , 

16 6 Gm 

36 

1918 

Froboese-Thiele 
and Leschc- 

zmer 

27 

F 

Persistent 15 
Gm 


37 

1919 

Pulay 

17 

F 

Enlarged 


38 

1923 

Mott and 

Barrada 


M 

70 Gm Thick 
fibrous cap- 
sule 


39 

1930 

Auerbach 

53 

F 


Pigeon-egg in size 

40 

1931 

Halpem and 
Popper 

43 

F 


9x5x5 Encapsu- 
lated 

41 

1932 

Lowenthal 

63 

F 

Enlarged 26 
Gm 8x4 5X 

I 5 cm. 


42 

1932 

Symmers (Case 

14) 

52 

M 


12 5x7 5x2 5 cm 
Smooth 

43 

1933 

Zajewloschm 

30 

F 


5x4x1 4 cm 

44 

1935 

Gold 

31 

F 


4 cm in diameter. 
Round tumor 

45 

1936 

Butt 

— ■ 

— 


Tumor 

46 

1936 

Butt 

— 

— 


Tumor 

47 

1936 

Alajouamne, 
Hornet, Thurel 
and Andre 

40 

M. 


Large Tumor 

48 

1937 

Ala30uanine, 
Hornet and 
Morax 

48 

M 


Ovoid tumor Size 
small hen’s egg 

49 

1937 

Norris 

52 

M 


63 Gm 9x6x3 5 
cm Numerous 

50 

1937 

Adler 

40 

F 


cysts 

Size of child’s 
head Opera- 
tion Death 

51 

1937 

Obiditsch 

50 

M 


7x4x3 cm. 

52 

1937 

Obiditsch 

47 

M 


Size of man’s fist 
Operation 

Death 

53 

1938 

Peer and 
Famiacci 

20 

M. 


136 Gm 12x6 5x 
3 5 cm 

54 

1939 

Authors’ case 

24 

F 


Cystic tumor, 
6x5x3 cm 
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of the lileiatuie has lesulted in the collection of i8 additional cases^° 
of myasthenia gravis with abnoi mahlies of the thymus, detei mined by autopsy 
or opeiation Most of these have been lepoited since 1935 Thus, there 
have been lepoited 53 instances of abnormalities of the thymus in approxi- 
mately no autopsies oi opeiations upon patients with myasthenia giavis 
Thii ty-one of these ai e classified as tumoi s and 22 are 1 ccorded as exhibiting 
enlaigement 01 peisistence of the th3nnus (Table I) It is doubtful if the 
incidence of the association of myasthenia and abnoi mahties of the thymus 
IS as high as these figuies indicate, since the autopsy findings in patients with 
myasthenia are moie apt to be repoited if theie is present some abnoi mality 
such as a tumor of the thymic legion On the othei hand, it is possible 
that small tumors may be ovei looked at neciopsy unless a caieful search is 
made 

In addition to the lepoits which aie listed m Table I, and which aie 
described m the liteiature in moderate detail, theie aie a number of casual 
lefeiences to the association of mi'asthenia gravis and th3'mic abnoi mahties 
Gordon Holmes“° states that theie weie either tumoi s 01 enlaigements of 
the th3mius m six of the eight cases of m3'asthenia giavis which he had 
examined at autopS3'^ Gieenfield-® stated that the thymus was peisistent in 
thiee subjects he examined postmoitem In addition, theie aie a number of 
repoits on 1 oentgenologic evidence of anterior mediastinal tumoi s in patients 
with m3'asthenia giavis 

The collected senes of Noiiis® (1936) and Lievre-" (1936) do not agree 
in all respects Lievi e assembled obsei vations on 67 patients with m3^asthenia 
111 whom complete autopsies ueie peifoimed A tumor in the th3nnic legion 
was found in 24 of these and peisistence or hypeitiophy of the thymus in 32 
No anomaly was noted in the lemaining ii patients The mean weight of 
the tumors was 60 Gm and the mean diameter was 5 cm Then usual loca- 
tion was m the anteiioi mediastinum, immediately behind the sternum and 
in contact with the supeiioi pait of the peiicaidium Lievie, as well as 
others, has observed that most of the th3nnic tumoi s leported m individuals 
without myasthenia weie malignant, wheieas a laige peicentage of the benign 
ones occuiied in myasthenics One of the exceptions is an “essential^ non- 
mahgnant” tumoi of the thymus weighing 2,235 Gm , repoited lecently by 
Andrus and Foot A diagnosis of myasthenia was not made m this patient, 
a boy, age 13, although abnoi mal fatigability was a piominent symptom 

BelF stated that the thymic tumoi s occurring in myasthenia giavis foim 
a distinct group “They are all comparatively small, benign growth, composed 
of 3mung thymic tissue Many aie hemoirhagic” Noriis^’ is of the 
opinion that the pathologic findings which are present in the thymus in 
myasthenia gravis aie best intei preted as conditions of greatei 01 lessei 
degrees of epithelial hypeiplasia “When the hyperplasia is extreme, a 
localized, and at times encapsulated, tumor-hke mass is foimed In these 
instances of more extieme hypeiplasia the usual lobulai structuie of the 
thymus may be completely obliteiated and only veiy few lymphocytes and 
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almost no Hassall’s coipuscles may be found in the epithelial mass On the 
othei hand, when the hypeiplasia is consideiable but less extieme, the lobula- 
tion of the thymus may peisist and the coipuscles of Hassall and lymphocytes 
may be lelatively moie nunieious” Lievie-^ states that thymomata contain 
lymphoid and epithelial elements and laiely Hassall’s coipuscles Biem 
and Wechslei^^ found lymphocytes, plasma cells, laige polyhedial cells and 
occasionally giant cells and Hassall’s coipuscles Obiditsch-^ states that 
theie is a piepondeiance of small louiid cells m benign tumois of the thymus 
associated with myasthenia gravis, wheieas they aie almost entiiely epithelial 
in type in the thymic tumoi s not associated with myasthenia 

In spite of difficulties m mteipietmg the classification of thymic tumois, 
it IS our impiession that there has been lecoided only one case in which 
myasthenia was associated with a malignant thymic giowth This is the 
case lepoited by Meggendoi fer,^o m 190S Howevei, Belh expi esses some 
doubt conceinmg the coiiectness of the classification of this tumoi In any 
event, it would seem highly probable that hypeiplasia 01 benign tumois of 
the thymus and myasthenia giavis accompany each other in a laige per- 
centage of cases, wheieas malignant tumois of the thymus and myasthenia 
aie larely associated 

Operations upon the Thymus in Patients xvith Myasthenia Giavis — The 
liteiatuie contains the lecoids of only foui attempts to influence the course 
of myasthenia giavis by suigical inteivention The fiist of these was lepoited 
by Schumacher and Roth,®’- in 1913 The patient, a female, age 21, had 
definite and severe hypeithyioidism and myasthenia giavis Theie was a 
symmetiical mciease in the size of the thyioid gland with a marked mciease 
m its vasculaiity Roentgenologic examination levealed a mass in the anteiior 
mediastinum which was thought to be an enlarged thymus The fiist opera- 
tion consisted of ligation of the light supeiior thyioid arteiy and vein 
Little if any impiovement lesulted The second opeiation (Sauerbruch) 
consisted in the lemoval of an enlarged thymus which weighed 49 Gm 
Examination of this gland showed hypeitiophy without tumois The pic- 
tuie was that of a fetal thymus Hassall’s coipuscles weie numeious A 
diminution in the signs and symptoms of myasthenia follow ed this operation 
A subtotal thyioidectomy w^as peifoimed 18 months subsequently, following 
a seveie thyioid ciisis The patient improved but was not cured of myas- 
thenia at^ the time of the repoi t The second case of myasthenia in which 
an opeiation upon the thymus was perfoimed is mentioned veiy biiefly by 
HabeieH® m a lepoit of opeiations upon the thymus for othei conditions 
The patient w^as a man, age 27 Theie w'as no evidence of enlargement of 
the thymus gland A pai tial thymectomy w^as performed and the thymus w'as 
desciibed as being in a state of involution When examined tliiee 3'eais 
subsequently, the patient appeal ed to be impi oved The thii d case is reported 
by Adlei 2® In this instance, a benign thymic tumor the size of a child’s head 
w'as lemoved by Sauerbiuch The patient died eight days subsequently of 
mediastiiiitis The fouith case is that lepoited by Obiditsch,--^ m wdiich the 
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tumor was the size of a man’s fist It was lemoved by Sauerbruch and the 
patient died five days later as a lesult of a Streptococci infection Lievre,^'^ 
in 1936, stated that there existed no published report of the successful removal 
of a thymoma Audi us and Foot,-® (1937) m reporting the removal of an 
“essentially nonmahgnant” tumoi of the thymus m a boy -without myasthenia 
gravis, states “No case that we can find has survived operative removal of a 
thymoma more than a few days, which makes oui case unique ” 

Case Report — The complete record of this patient including her preoperative course 
has been reported in detail by two of us (Riven and Mason®^) Only the salient features 
will be recounted here 

J H , white, female, age 19, was referred, in 1934, by Dr Walter Dandy of Balti- 
more and Dr C D Walton of Mount Pleasant, Tenn, with a diagnosis of myasthenia 
gravis Tj^pical symptoms of this disease appeared at age 16 in February, 1932, and per- 
sisted for approximately three months The muscles of the face, jaws and eyes were 
involved The next exacerbation occurred in February, 1933, and persisted for five 
months There was difficulty m talking and in using the legs and arms as well as the 
muscles involved in the first attack The next recurrence, in February, 1934, was even 
more severe and symptoms persisted for seven months She fell a number of times when 
attempting to walk She was first seen in the Vanderbilt Hospital in September, 1934, 
in a partial remission, and the positive findings were limited to the presence of dysfunc- 
tion of the muscles of expression and some weakness of the muscles of the neck, abdomen 
and extremities The basal metabolic rate was normal Roentgenologic examination of 
the chest (Dr C C McClure) revealed a sharply circumscribed, dense shadow just 
anterior to the left auricle, extending somewhat to the left and not seen to the right of 
the midline Roentgenotherapy was instituted and the shadow of the mass in the an- 
terior mediastinum decreased m size Therapy otherwise consisted of ephedrine and gly- 
cine Roentgenotherapy was again administered in January, 1935 

The next severe relapse occurred in December, 1935 She complained of progres- 
sive weakness, ptosis of the eyelids, diplopia, indistinct vision and difficulty in talking, 
chewing and swallowing The return of these symptoms had been gradual The facial 
expression was languid and the speech was slow and slurred There was partial ptosis 
of the eyelids The mouth was drawn to the right and the left side of the face was 
smoother than the right The masseter muscles were weak The grip in the right hand 
was weaker than that in the left and both hands tired very quickly The muscles of the 
trunk and lower extremities became fatigued quite readily Roentgenologic examinations 
showed that the mass in the mediastium had returned to a shghtlj larger size than that 
observed prior to the roentgenotherapy 

On December 28, 1935, treatment with drugs was suspended for the purpose of com- 
pleting certain metabolic studies Several days later, the condition of the patient became 
suddenly worse Prostigmin was administered and dramatic improvement of approxi- 
mately three hours’ duration was obtained In addition, therapy with glycine and ephe- 
drine was instituted Increasing amounts of prostigmin became necessary and during the 
latter part of January, the patient received as much as 9 cc in 24 hours On the morning 
of January 31, 1936, the patient asked that the 5 a m dose of prostigmin be omitted 
This was done She was not observed again until 7 15 am, at which time she was 
extremely cyanotic Respiratory movements were barely perceptible Vomiting had oc- 
curred and she was incontinent of urine and feces Artificial respiration and prostigmin 
therapy were instituted and normal breathing was resumed in approximated ten minutes 

During February, the patient received a course of four roentgen ray treatments over 
the region of the thymus but this did not cause any decrease m the size of the mediastinal 
shadow or any immediate improvement early in March Less prostigmin was required 
and the dose was reduced gradually During April, the patient was able to be out of 
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bed most of each day She gained in weight and strength By May, she was considered 
to have attained a good remission 

Dr Barney Brooks and Dr Edward Churchill were consulted, and it was agreed 
that the tumor mass m the anterior mediastinum should be removed Because of the 
marked incapacity the patient had experienced, because it seemed possible that remoral 
of the tumor might result in improvement, and because the iisk inherent in the operative 
piocedure was judged to be not gieat, this course was decided upon 

Opaahon — May 25 , 1936 (Doctor Blalock) An intrati acheal tube was introduced and 
the anesthesia consisted of nitrous oxide and oxygen and a small amount of ether An 
incision was made beginning in the suprasternal notch, extending down the midline of 
the sternum and curving slightly to the right at the third interspace By the use of 
sharp and blunt dissection, an index finger was introduced through the suprasternal notch 
beneath the sternum into the anterior mediastinum By a sim lar procedure, an index 
finger was introduced beneath the sternum through the third right interspace After 
pushing the pleura and other structures laterally, the sternum was split in the midhne with 
shears It was cut across in a transverse direction at the level of the third interspace 



Fig I — Photograph of tumor, , measuring approximately 
6x5x3 cm , removed from thymic region 

A self-retammg retractor was inserted and a good exposure of the anterior mediastinum 
was obtained A reddish-purphsh tumor was visible m the thymic region It was densely 
adherent to the neighboring structures By sharp and blunt dissection it was freed from 
the surrounding structures and the vessels at its base were ligated with silk The tumor 
was regular m outline and was soft No other abnormalities were visualized Some of 
the tissues surrounding the tumor had the appearance of fat No tissue was definitely 
identified as being thymus The space left by the removal of the tumor was obliterated 
in part by suturing the neighboring structures together Several holes were made m the 
sternum by the use of a drill and the opposite sides were approximated with catgut sutures 
The third and fourth costal cartilages were approximated by an encircling suture of catgut 
The anterior periosteum of the sternum was closed with interrupted silk sutures Similar 
sutures were used m closing the subcutaneous tissues and skin One cubic centimeter of 
prostigmm was administered before the operation was begun and a second dose was given 
during the course of the operation There were no untoward incidents during the oper- 
ative procedure and the patient was returned to the ward in good condition 

Pathologic B\aminatwn — Gloss The cystic tumor was quite evidently benign It 
was smooth, well encapsulated and measured approximately 6x5x3 cm (Fig i) Its 
wall Naried from 4 to 8 Mm m thickness It contained thin, brown fluid and slireds 
of brow n, seminecrotic material 
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Sections of tlie tumor weie studied by Dr E W Goodpasture and the following is 
fioin his lepoit 

Mtcioscoptcallv, “the sections show a fibrous wall lining a somewhat spherical mass, 
the Intel lor of which, so fai as can be judged fiom the small portions attached to the 
fibious wall, IS composed of fibrin, led cells and piecipitated piotem There is no evidence 
111 these sections that thei e are i cmnants of a previously organised tissue which has under- 
gone neciosis The fibious wall consists of essentially three layeis An outei thin ad- 
ventitial layei in which there arc fairlj laigc blood vessels, both aiteries and veins Here 
and there aic extravasations of led blood cells and about some of the smaller vessels there 
IS an accumulation of Ij mphocj tes and plasma cells Undci lying this coat there is a dense 
hj aline collagenous membrane aiianged inoic or less m laminations measuring about one 
millimeter in thickness thiough which travel se a few blood \essels Some of the arteries 
in this laver show an eiuhiteritis with thickening of the intima which encroaches upon 
the lumen Beneath this second coat of hj'alinized fibrous tissue, there is a lajer of gran- 
ulation tissue of varying thickness and degiecs of degeneration In some areas of the 
granulating laver there arc foci of degeneration in which clefts formed by cholesterol 
crystals remain Some of these spaces have no leaction about them, others are lined by 
mononucleai phagocytes or foreign bod3' giant cells Frcqucntlj' about such areas the 
granulation tissue is filled with “foam cells” repicscnting phagocjtcs previouslj filled with 
hpoid materials In still other areas there is a considerable amount of orange amorphous 
pigment representing hemosiderin Occasionally, small deposits of calcium are also noted 
There is very little ccllulai exudate within the granular laver although there are nu- 
merous focal accumulations, usuallj perivascular, of plasma cells intermixed with lympho- 
cytes Blood vessels and capillaries ate numerous and they extend inwardly into the fi- 
brinous material which is being oiganized thereby (Figs 2, 3 and 4) 

“In no section which I have examined is there microscopic evidence of thvmic tissue 
of any sort nor of any other previouslj organized tissue 

“It would appear that the encapsulated mass had been distended bv extravasated 
blood, consisting of red blood cells, fibrin and scrum, which is graduallj becoming or- 
ganized by granulation tissue 

"Aside from the history and location of the mass the only diagnosis that I can make 
from the examination of the micioscopic section is An encapsulated fibrmo-serosan- 
guineous exudate, degeiierativ^e changes in the capsule indicated bj'’ hjalmization, necrosis, 
cholesterol crystal deposits, foreign bodj' icaction, hemosidcim pigmentation, slight calcifi- 
cation, hyalmization of connective tissue, and endarteritis at times obliterating The 
etiology IS not evident 

“In attempting to mterpiet the pathologic picture piescnt, it seems quite likelj' from 
the position of the mass and from clinical relationships that it represents the remains of a 
necrotic thymic tumoi The necrosis and fibrosis might reasonablj be explained on the 
basis of roentgen ray irradiation ” 

The patient had a v'ery smooth postoperative course Prostigmm was administered 
in small amounts for the first eight davs following the operation and it was then dis- 
continued She was transferied to the medical seivuce 12 days following operation and 
she was discharged fiom the hospital on the twenty-fiist day 

Subsequent Coinse — A part of the first winter following the operation was spent 111 
Florida where she remained for four and one-half months Her tolerance to exercise was 
rather poor when she arrived there but this improved rapidly and v^ery shortly she was 
able to swim and dance She would often walk as much as ten miles a day She would 
occasionally, once every month or tvv'o, take a little prostigmm by mouth This was 
usually on occasions when she had exercised a great deal during the day and was going 
to a dance at night She returned to Nashville, March 30, 1937 The striking difference 
noted at that time was that her smile appealed essentially normal There was peiliaps a 
slightly drawn expression around the nose which had persisted 

She conti acted a severe respiratory infection shoitly following her return from 
Florida and she noted some difficulty in masticating her food and there was a less notice- 
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able return of some of her other symptoms She returned to the hospital for a staj of two 
days The symptoms cleared up m a short while 

For the past two years, there has been no recurrence of symptoms She has not 
gone to a warmer climate during the winter, spending one winter in Washington, D C , 
and one in Virginia without a return of symptoms of myasthenia On a few occasions 
she took a small quantity of prostigmin by mouth before undertaking severe evercise such 
as a game of tennis During recent months she has not taken prostigmin on any occasions 

Roentgenograms of the chest before and after operation are shown in Figures S and 
6 Unfortunately, a preoperative photograph of the patient cannot be located A photo- 
graph taken two weeks following the operation and another taken a year subsequently 
are shown in Figures 7 and 8 

In summary, during the three yeais following the removal of a tumor 
of the thymus region, a patient who had been incapacitated for months eveiy 
year for four years has had only one mild recurrence which lasted only a few 
days This was associated with a severe respiratory infection 

Discussion — It IS generally agieed that the thymus, at least in the adult, 
IS a nonessential organ For this reason, we felt that the chief question to 
be decided in considering operation m our case was whether or not the pos- 
sible gam was sufficient to justify the risk associated with the major opera- 
tive procedure Although there is no unanimity of opinion concerning the 
physiologic functions of the thymus, some of the views on this subject will be 
discussed 

Five general methods of study of thymic function have been employed, m 
which the effects of the following procedures upon various experimental 
subjects have been observed (i) Removal or destiuction of part or all of 
the gland at vaiious ages, (2) excessive feeding of thymic tissue or extracts, 
(3) multiple injections of extracts of the organ, (4) implantation of addi- 
tional thymic tissue, and (5) combinations of these methods In addition, 
the effects on the thymus of induced alterations in the other ductless glands 
have been noted Present knowledge with respect to the first four categories 
may be summarized as follows 

(i) Effects of Removal 01 Destiuction of the Thymus — An extensive 
literature upon this subject has developed since the original experiments of 
Restelli,®^ in 1845, from which only one conclusion may be drawn with cer- 
tainty, t e , the thymus is not essential to life The findings of Basch,^^ Klose 
and Vogt,®® and Matti®'^ that thymectomy led to abnormalities in calcium 
metabolism weie shown in the excellent study and review of Park and 
McClure®® to be the result of the diet and confinement in a cage rather than 
the direct consequences of thymic extirpation The numerous claims that 
the gonads weie affected by thymectomy have been dealt with m a critical 
leview by Anderson®® Fiom a careful study of the literature, and from 
extensive expeiimental data of her own, she felt able to state "We may con- 
clude that thymectomy does not prevent, hasten, or delay the arrival of 
sexual matuiity, and it does not pi event the occurrence of normal litters 
In othei woids, aside from the immediate effects of the operative injury, it 
has not been shown that deprivation of the thymus, even m early life, has 
any effect upon the development and function of the sexual apparatus ” In 
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hei own expeiiments with lats one senes was thymectoinized at the age of 
one day 

Andei sen’s point of view may need modification in the light of some of 
the moie lecent evidence Thus Shay et al have destioyed the thymus 

of young lats by loentgen lays and find that theie is an aiiest m the de- 
velopment of the speimatogenic poition of the testes, leading to physiologic 
castiation, with castiate changes in the pituitaiy The changes progiess until 
about the one hundiedth day of life dm mg which time the males aie sterile 
Aftei this period, lepaiative processes occui, feitihty returns, and the testes 
and pituitaiy aie noimal again at 150 days The repaiative piocesses set 
in about the time the thymus passes the peak of its development and com- 
mences involution Females weie not affected 

Einhoin and Ronntree-*^- ■*- studied the effects of thymectomy upon suc- 
cessive geneiations of lats and obtained letaidation of giowth, and to a 
lessei extent, somatic development, commencing in the second (Fi) geneia- 
tion, and becoming moie pionounced theieaftei Only a limited period of 
giowth IS affected (ten to 50 days), the lats opeiated upon eventually attain- 
ing the same size as contiols All thymectomies were peifoimed at fiom 17 
to 24 days of age and the glands of both paients had to be ablated m order 
to secure the obseived effects In any given geneiation, the giowth cuives 
of thymectoinized and nonthymectomized litter mates aie tlie same No 
definite mteipietation has been advanced foi this cuiious cumulative effect 
which IS the reveise of that lesulting fiom injection of ihjmnis extract {vtdc 
inf I a) 

(2) Excessive Feeding of Thymic Tissue 01 Extiacts — The literature 
on this phase of thymus physiology is summaiized by Gudei natsch,'^® who 
made the first observations on the effect of feeding thymic tissue and ob- 
tained impioved growth and letarded metamoiphosis m tadpoles In the 
case of rats, improved growth but no letaidation of diffei entiation was ob- 
served Similar results were obtained by Ratti The objection that these 
lesults aie simply due to impioved nutiition is lendeied unlikely by the fact 
that injected puiified extiacts of thymus inciease growth {vide infia) 

(3) Effects of Adidtiple Injections of Thymic E.xtiacts — The first experi- 

ments in this category weie reported by Ashei,"*^ who found that the injection 
of a thymic extract, “thymoci escine,” had an accelerating influence on the 
giowth rate of first generation lats In latei papers fiom his laboratory, the 
purification of this substance is lepoited'*’^ and as little as i mg 

injected per day was found to be effective The active substance contains 
peptides, amino-acids and sulphui — ^possibly as cysteine, cystine 01 glutathione 

The most sti iking results by this approach have been reported by Rown- 
tiee and his collaborators®®’ Multiple injections of a dilute HO 

extract of calf thymus (Hanson extiact) into successive generations of rats 
causes a striking precocity which is fiist obseived as eaily as the second 
generation, and is cumulative through several succeeding geneiations Only 
the early growth period is effected, and the effect is lost upon inteiiuption 
of the injections during any given geneiation Only the females need be m- 
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jeeted'- “Hanson extiact” also contains i educed stilphui compounds and 
ascoibic acid, and Rownti ee’s"*^ gioup has lecently leported that some but 
not all of the efifects of thymus extiact may be obtained by injecting cysteine 
and glutathione and ascoi bic acid 

In a bnef lepoit, Adlei-^ has stated that thymus extiact (piepaiation not 
desciibed) injected into dogs pioduces a s3mdiome lesemblmg myasthenia 
giavis He fuither states that the weakness and collapse exhibited by these 
animals is immediately abolished by the injection of piostigmin — a sti iking 
suppoit foi the contention that the condition is myasthenic m natuie Full 
details of these expeiiments have not as yet been published 

(4) Implantation of Thymic —Multiple implants of thymic tissue 

into successive geneiations of rats seem to have the same eftect, but to a less 
degiee, as multiple injections of thymus extiact into successive geneiations 
By lepeated tiansplantation of young thymic tissue into dogs, Adlei states 
that the same myasthenic condition is pioduced as by injection of thymic 
exti acts 

As has been stated, it is difficult to evaluate the effects of therapeutic pro- 
ceduies m myasthenia giavis because of the piesence of a tendency to spon- 
taneous remissions Kennedy and Moeisch®® lepoit 87 patients with my- 
asthenia giavis obseived at the Mayo Clinic between 1915 and 1932 Of the 
84 patients whose subsequent course could be tiaced, 34 \\eie dead at the 
time of the repoit (1937) In 24 of these, death was attributed to myasthenia 
giavis Of the lemaimng 50 patients, 13 lepoited then condition unchanged, 
ten weie impioved, and eight weie worse The condition of seven patients 
had fluctuated gieatly, and the answei to the questionnaire was unintelligible 
in 13 instances Regaiding 1 emissions. Kenned)'- and Moersch state “In 44 
of the cases, no mention was made of a 1 emission, and m three other cases the 
patients failed to leply to the questionnaiies Twenty-seven patients had 43 
complete remissions, which ranged fiom more than one month to 15 years in 
duiation The aveiage duiation of a complete remission was two and two- 
tenths yeais , the majoiity of them lasted less than one year Thu teen patients 
had 17 paitial 1 emissions which lasted fiom less than one to 16 yeais, the 
aveiage duiation being one and five-tenths years The majoiity of these le- 
missions lasted less than six months” Othei citations fiom the literatuie 
would only seive to substantiate the point that the couise of patients with 
myasthenia giavis vanes gieatly It is generally believed that 1 emissions be- 
come shoitei in duiation as the disease advances If this is true, it lends 
gi eater significance to the possible effect of suigical treatment in our patient 
since she had expenenced incieasmgly seveie attacks duimg the four-yeai 
period pieceding opeiation 

The value of 1 oentgenothei apy of the thymic region in myasthenia gravis 
is open to question Pieichella®^ reported improvement following iiiadiation 
of a patient with liypeiplasia of the thymus and myasthenia giavis Mella^^ 
noted impiovement m one of his patients following 11 radiation of the thymus 
Iveschnei and Sliauss®^ lepoited disappearance of the shadow in the medias- 
tinum and a 1 emission in the symptoms following 1 oentgenotherapy Hyland*^^ 
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noted improvement m two of four patients with myasthenia but without 
demonstrable thymic lesions following irradiation of the thymic region On 
the other hand, some observers have noted no improvement following roent- 
genotherapy It IS difficult to evaluate the effect of irradiation m our 
patient It is known that thymic tumors usually are sensitive to irradia- 
tion The degenerative changes which were present m the tumor m our case 
strongly suggest that the lesion was affected by roentgenotherapy 

It is our impression that our patient would have died during the severe 
exacerbation of the disease m the eaily pait of 1936, had prostigmm not been 
available As has been stated, operation was postponed until a remission 
occuried It is likely that the beneficial effects produced by prostigmm will 
greatly decrease the dangers associated with suigical opeiations on individuals 
with myasthenia gravis If it is decided m the future that surgical exploration 
of the thymic region is indicated m patients with this disease, it should be per- 
formed through an approach which gives adequate exposure, such as division 
of the uppei part of the steinum One should not rely upon the imperfect 
view which is obtained through an incision m the lower part of the neck 
In concluding, we wish to emphasize again the absence of conclusive proof 
that the improvement noted m our patient is due to the removal of the tumor 
from the thymic region It is well known that hypertrophy of the thymus may 
occur without an associated myasthenic state It will be necessary to have 
additional clinical tests before this form of thei apy can be accurately evaluated 
It IS possible that additional expeiience will show that exploration of the 
thymic region is indicated m all jmtients with sevei e myasthenia gravis This 
is particularly apt to be ti ue m those patients with tumors that are not sensi- 
tive to irradiation 


SUMMARY 

Fifty-three proven instances of myasthenia giavis associated with abnor- 
malities of the thymus have been collected fiom the literature This represents 
approximately one-half of the cases of myasthenia gravis m which postmortem 
examinations or the findings at operation have been reported The removal 
of a tumor from the thymic region of a patient with myasthenia gravis is 
described The greatly improved status of the patient during the three years 
since operation is recorded This expeiience may indicate the advisability of 
the surgical removal of clinically demonstrable thymic tumors m patients with 
myasthenia gravis 
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Discussion —Dr Roy D McClure (Detioit, Mich) A gland, to be 
called a gland, suiely should have a secretion eithei internally or thiough 
ducts A study of the embiyologic development of the thymus suggests that 
It should be classified as a gland because its oiigm is similai to that of the 
th)aoid and paiathyioid Much woik has been done m an cffoit to piove 
that the thymus is ti uly a gland, and there have been maii}'^ shipwi ecks among 
those who have ti led to prove that it has a function 

Doctoi Blalock has kindly called attention to the woik that Doctoi Edwaids 
Paik and I had done This was inspiicd b}' the woik of the Get mans, Kloss 
and Vogt, who had obtained a piclme of rickets in then eail}’- thymectomized 
dogs Then lesults, m 1914, seemed so specific and so sti iking that we were 
impelled to lepeat their woik Olhcis had obtained similai lesults Paik 
and I failed to get any effect fiom caieful, complete, earl}^ th39nectomies in 
dogs I lemembei 0111 talking at the lunch table at Hopkins one day about 
this subject befoie two of oui Geiman exchange doctoi s Oui animals, which 
we kept in free runways in the countiy with a caiekeepei weie in excellent 
shape, you could not tell the difference between the contiols and our animals 
with complete eaily thymectomy One of these foieign doctoi s was the son 
of a famous Geiman piofessoi of medicine We weie talking of oui failuie 
in getting results He said, “You must go to Geimany and see wheie you 
make youi mistake ” It happened that one of oui assistants, Di Henry Cave, 
was going to Geimany that yeai and he uas veiy glad to visit Kloss and Vogt 
When he came back, he told us of then animals, which weie confined in small 
cages m a daik cellai, and that their diets weie inadequate It was obvious, 
theiefoie, that the expeiimental results which they had obtained weie on the 
basis of diet deficiency 

One day, while I was Resident Suigeon at the Johns Hopkms Hospital, 
Doctor Halsted, who had authoiized and encouraged oui experimental work, 
became (foi him) gieatly excited ovei an aiticle published by rmn Haberer, 
leporting a senes of exophthalmic goitei cases which had not been cuied by 
opeiation Von Habeiei had lecalled one of these cases, and had lemoved 
the thjmius gland which, as we know, is so gieatly enlaiged in this disease 
That patient got Avell Immediately we recalled, foi Doctoi Halsted, all the 
cases of exophthalmus which had not lecoveied They weie all given loent- 
genotherapy and some of them had a paitial th3'mectomy I believe none of 
them weie much benefited, to oui great disappointment 

Then along came the woik of Doctoi Rowntiee, and his amazing giowth- 
results in the second and thii d genei ations of 1 ats W e followed his woi k with 
gieat mteiest, because it looked as if, at last, he had found an internal secie- 
tion of the thymus But now, even he admits that this lesult is due perhaps 
not to the thymus gland but to glutathione, which has a veiy high conent of 
amino-acid with sulphui (that is cystine and glycine), foi by feeding gluta- 
thione he can get the same lesults that he obtained by feeding thjnnus The 
problem, theiefore, appears to be fai fiom being solved 

This leport of Doctor Blalock’s is so sti iking that tune and fuither similar 
cases can alone cleai this up We have had ten cases of thymic tumor at the 
Henry Ford Hospital, but none of them associated with myasthenia gravis 
However, it certainly behooves us all to look up our cases, both of myasthenia 
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gravis and of tumors of the thymus, and see if we can possibly help to cleat 
up this subject 

Dr George J Heuer (New Yoik) Docloi Blalock, again, has laised the 
inteiesting question of the lelationship between myasthenia giavis and path- 
ologic conditions of the th3mius gland His patient, whom we have had the 
oppoitunity of seeing, suppoits the view that theie exists a lelationship be- 
tween myasthenia giavis and ceitam tumois of the thymus My own mteiest 
in the mattei dates back many ^'■eais, when I had the oppoitunity of studying, 
on Doctor Halsted’s seivice, a patient with marked exophthalmic goitei who 
also had symptoms and signs of myasthenia giavis It was at a time when, 
particulaily abioad, the lelationship between the thyioid and thymus m ex- 
ophthalmic goiter was being emphasized and we weie inclined to attiibute the 
manifestations of myasthenia giavis to disease of the thymus gland About 
1930, I collected all the malignant tnniois of the tbymns gland lepoited in 
the liteiatuie, finding at that time 85 to 90 cases I did not find any cases of 
malignant tumoi of the thymus gland m which myasthenia giavis was stated 
to have been piesent, but it should be said that in many of the leports specific 
comments on the piesence or absence of this condition are not made 

Di N C Foot, in his own experience, and 111 his suivey of the liteiature, 
failed to find an association between malignant tumois of the thymus and 
myasthenia giavis On the othei hand, neciopsies in patients dying with 
myasthenia giavis have shown, m about 50 pei cent of the cases, a benign 
enlaigement of the thymus, accoidmg to desciiptions given, a benign hyper- 
plasia, a cncumsciibed benign tumoi 01 a diffuse benign tumoi As between 
the circumsciibed enucleable tumois and the diffuse tumois, it is my impies- 
sion that it has been m the foi mei , as m Doctoi Blalock’s case, that myasthe- 
nia giavis has been particularly associated It is possible, although not yet 
established, that a paiticulai type of thymic tumoi is associated with myas- 
thenia giavis All cases of thymic enlaigement associated with myasthenia 
giavis should, therefoie, be most caiefully studied in the hope of claiifymg 
what is now an obscuie lelationship 

Dr Peter Heinbecker (St Louis) I am glad that Doctoi Blalock 
stiessed the fact that myasthenia giavis is a disease which is chai actenzed 
by exaceibation and leniissions These exacei bations and 1 emissions are 
especially likely to occui at the time of pubeity 01 during piegnancy They 
may be piecipitated by almost any cause Also, they aie not infiequently of 
long duiation 

Now, as to the undei lying mechanism in myasthenia gravis, I am doubtful 
that It IS a weakness of the myoneuial junction I think it is an inability of the 
muscle to build up quickly the state 01 mateiials necessaiy for a musculai 
conti action This statement is based on an examination I made a couple of 
yeais ago m a case of myasthenia giavis I earned out a nerve muscle biopsy 
and stimulated the neive about 100 times a second, obseivmg its activity for 
two houis with a cathode ray oscillograph It acted m a peifectly normal 
maniiei I stimulated the excised muscle n ith an electrical cm leiit The first 
1 espouses weie 1101 nial and then giadually fatigue set in If the muscle was 
allowed to lest, it again conti acted noimally, soon once moie to fatigue 
When one stimulates the muscle diiectl}'^ with an electiical cuirent it is not 
necessaiy to assume the paiticipation of the myoneuial junction in the excita- 
toiy piocess The conti actile process of the muscle is defective I do not 
believe that any expei imental evidence has indicated that an excess of thymus 
lioinione mteifeies iiith the piocesses of muscular conti action 
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Much has been written on the subject of subphrenic abscess and many 
excellent articles are available dealing with the difficulties of its differential 
diagnosis, its high mortality and the various methods of drainage of such 
abscesses Throughout such articles one finds, howevei, little on the subject 
of the left subphrenic abscess, all of the emphasis being placed on those which 
occur on the right side This is due, m all probability, to the fact that 
subphrenic abscess occurs more fiequently on the right side, for example 
Ochsner,^ in reviewing 1,517 cases of subphrenic abscess, found that only 
412 were on the left, 01 one abscess on the left to three on the right Table I, 
based on some of the moie recent literature, indicates that the ratio is about 
three abscesses on the right side to one on the left In spite of the fact that 
subphrenic abscesses occur once on the left for eveiy three or four times on 
the right, the occurrence of a left subphiemc abscess is not often thought of 
when the surgeon considers the possibility of a subphrenic abscess m a given 
case He is quite apt to feel, after he has ruled out the pi esence of pus beneath 
the right half of the diaphragm, that he can entirely dismiss fiom his con- 
sideration the presence of a subphrenic abscess The old adage “pus some- 
where, pus nowhere, pus undei the diaphragm” is ceitainly an excellent one, 
but should be modified to “pus somewheie, pus nowhere, pus not under the 
right half of the diaphragm, pus under the left half of the diaphragm ” It is 
frequently stated, and rightl}'- so, that one of the most important aids in 
making a correct diagnosis of subphrenic abscess is first of all to bear in 
mind Its possible occurrence The diagnosis is missed or long delayed in 
practically all abscesses occurring beneath the left half of the diaphragm 
because, though the occurrence of a subphrenic abscess is considered, its pos- 
sible location on the left side is rarely kept in mind To most surgeons “sub- 
phrenic abscess” really means “right subphrenic abscess ” 

Anatomy — In 1908, Barnard^ gave a very accurate description of the 
anatomy of the subdiaphi agmatic space, and his splendid article is referred 
to by nearly all of the subsequent writers on the subject of subphrenic ab- 
scess Recently Alton Ochsner has given an excellent description of this 
area, also, which is a modification of Barnard’s Three subdiaphragmatic 
spaces on the left side were described by Barnard and it is proposed to follow 
his terminology in this communication The spaces are (i) The left an- 
terior mtraperitoneal , (2) the left posterior intrapentoneal , and (3) the 
left extraperitoneal The left anteiwj tntiape 7 ttoncal space, whic h is likewise 

* Read before the American Surgical Association, Hot Springs, Va, May ii, 12, 

13, 1939 
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Table I 

ANALYSES OF SUBPHRENIC ABSCESSES PREVIOUSLY REPORTED 


Author 

Total 

Cases 

Re- 

ported 

Number 
on the 
Left 
Side 

Location of Left-Sided Abscesses 

Antenor 

Intrapentoneal 

Postenor 

Intrapentoneal 

Extra- 

pentoneal 

Ochsner and Graves* 

50 

5 

5 


0 

0 

(own senes) 







Overholt*® 

25 

2 

2 


0 

0 

Schwartz^ 

9 

2 

2 




Fifield and Love* 

78 

22 

14 


7 

I 

McNamee*® 

9 

3 

3 




Pancoast*® 

l6 

3 

2 



I 

Gatewood® 

41 

9 


Not localized as to space 


Barnard® 

83 

33 

30 


3 


Gogol® 

50 

0 

0 


0 

0 

Beye® 

23 

6 


Not localized as to space 


Delano** 

7 

I 

I 




Lockwood® 

82 

23 

12 


8 

3 

Totals 

473 

109 

71 


18 

5 



Fig 1 The anatomj of left anterior intrapentoneaj abscess The ah 
represented bj the dotted area The trans\erve colon adherent to 
the anterior abdominal nail is shonn limiting the abscess belon 


called the perigastric or perisplenic space, has the following boundaries The 
diaphragm above, the left lobe of the liver below and to the right, the spleen 
to the left, the coionary and falciform ligaments to the right, the left lateral 
igament behind and the adhesions between the stomach or the omentum to 
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le antenoi abdominal wall below (Figs r, 2 and 3) Although the boun- 
daiies of the entile left antenoi inti apei itoneal space aie those just given, 
the abscess occujjying it may not evtend to these limits, but may be localized 
to smallei aieas by the foimation of adhesions within the space Foi instance. 
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Tig z ■ — The omtoniy of i left anterior intriperitoneil subplirenic abscess in the parasternal line 
A nornnl section is shown on the left A^ote tint the left lateral huament of the Iner forms the posterior 
hoiinclan of the abscess at this let cl The stomach b\ adhering to the anterior abdominal wall has 
limited the abscess below so that the abscess barclj presents below the costal margin 


^ V 1 


Fig 3 — The anatomy of a left anterior intraoentoneal subphremc abscess in the nipple line A 
normal section is shown on the left At this level the spleen limits the abscess behind and somewhat 
laterally The omentum has become adherent to the abdominal wall below and forms the lower boundary 
of the abscess so that a considerable portion of the abscess piesents below the costal margin (Cf Fig 2 ) 

the stomach may adheie to the abdominal wall just at the costal margin and 
limit the abscess antenoi ly (Fig 2) Whereas, if the colon or mesocolon 
foims the lowei boundaiy, the abscess will present as a mass in the left upper 
quadiant (Fig 3) 
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The left anleiioi mliapeiitoneal space has connections 'iMth othei spaces 
and pouches which aie important fiom the point of view of spiead of infec- 
tion fiom elsewheie to this space and spiead of pus jiom it to othei aieas It 
connects aiound the left margin of the livei with the light subhepatic space 
and below with the left lumbai pouch which lies between the descending colon 
and the lateial abdominal wall Bainaid desciibed a diiect pathway fiom 
the pelvis to the left anteiioi mtiapeiitoneal space (Fig 4) of which I have 
found no othei mention made, but which is of impoitance, for it explains 
why a left subphienic abscess so fiequently follows suppuiation m the pelvis 



Fig 4 — The patluvijs bj winch pus spreads fiom 
the pelvis to the left subphrenic space The lumbar 
pouch IS shown <o the outside of the descending colon 
and the loute described bj Barnard^ to the inside, with 
the spine forming the medial boundarj up to the duo 
denojejunal fleaure at which point the pus is diiected 
around the left edge of the splenic fle\ure into the left 
anterioi intraperitoneal space 

This pathway leads from the rectovesical or recto-uteime pouch over the left 
sacio-ihac joint to the guttei formed by the veitebial column on the right, 
the descending colon on the left and the mesenteiy behind This guttei 
diiects the pus up to the duodenaljejunal flexuie whence it passes foiwaid 
along the splenic flexuie to leach the left anteiioi mtrapeiitoneal subphrenic 
space Bainaid states that a “tiail of pus” can be found along this loute m 
many cases of pelvic peiitonitis Pus may also leach the left subphienic 
space fiom the pelvis Iw flowing along the left lumbai pouch, ? e , between the 
colon medially and the lateial abdominal wall lateially (Fig 4) With the 
patient m a lecumbent position, it can leadil) be seen how pus could spill 
out of the pelvis and be directed by one of these two routes to the left sub- 
phi emc space In five of the six cases heiewith reported, theie was pus m 
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the pelvis befoie the development of a left subphienic abscess, namely, three 
cases of postpaitum infection, one of a localized pelvic abscess (“which dis- 
appeared suddenly”) and one of a pelvic appendix which had luptured, filling 
the true pelvis with thick pus 

The Icjt postciw) vitjapeiitoneal space is m leality the lesser peritoneal 
sac This space is primal ily infected by the peiforation of a gastric ulcei 
01 caicmoma situated on the posteiioi aspect of the stomach It may be 
secondaiily infected by pus entenng the foiamen of Winslow, usually from 
a right subhepatic abscess 

The lejt cxtiapci itoneal <;pace is the loose areolai tissue which sunounds 



Fig s — The trianguHr area of fulness and 
tenderness which is present in the tj pe of large 
left subphrenic abscess when the transverse colon 
forms the lower limit of the abscess, and the 
falciform ligament the right boundary 


the kidney, the pancreas and the descending colon on its posterior aspect It 
IS very rarely infected Cases of abscess in this aiea have been repoited by 
Barnard as following an infection of the vertebial bodies, a long standing 
chronic empyema and a stomach ulcer which had perfoiated posteriorly 
Clinically, such abscesses point m the lumbar region and simulate the peri- 
renal abscesses 

Of the thiee spaces desciibed, the most impoitant is the lejt antenoi 
inti apei Itoneal, chiefly because it is the most frequently infected 

Signs and Symptoms — The diagnosis by physical examination of an 
abscess beneath the left leaf of the diaphragm is even more difficult than it 
is when the abscess lies beneath the right half of the diaphragm, foi such an 
abscess gives fewer physical signs of its presence On the right, the firm, 

566 




^ olumc 110 
dumber 4 


LEFT SUBPHRENIC ABSCESS 


large light lobe of the liver foims the floor of the abscess, whereas, on the 
left, theie is little livei substance, but the abscess is encompassed below by 
more yielding structuies, such as stomach, falciform ligament, colon, spleen 
and transverse mesocolon Consequently, on the left theie is apt to be less 
bulging in the lowei thoiax and costal margin, less restriction of movement 
of the lower portion of the thoiacic cage, less local pam because of less 
tension of the pus and less elevation and fixation of the diaphiagm itself It 
IS true, however, that in the case of the left anteiioi intrapei itoneal abscess 
(most common vaiiety) tendeiness on pressuie beneath the costal margin 
can be elicited eailier and moie definitely than on the light, and when it 
leaches a laige size it may actually be felt as an indefinite mass below the 
left costal maigin If the whole space is filled with pus one can outline a 
cliaiacteristic tiiangular mass desciibed by Barnard as extending from undei 



ABC 


Fig 6 — (A) Normal relationship between the right md left hahes of the diaphragm (B) The 
relationship between the two halves of the diaphragm in a case of right subphrenic abscess The ele 
ntion of the right half of the diaphragm is very evident (C) The relationship between the right and 
left halves of the diaphragm in a case of left subphrenic abscess The elevation of the left half of 
the diaphragm is scarcely noticeable 


the left costal maigin to a line from umbilicus to costal margin and from 
ensifoim cartilage to umbilicus (Fig 5) Pam lef erred to the shoulder and 
neck is greatei with left-sided abscesses because of the less fixed diaphragm, 
the movement of which against the abscess causes the pam to be referred to 
the neck In five of the six cases leported heiewith, severe pain m the left 
lowei thoiax and in the neck was a prominent symptom Owing to the fact that 
the aliscesses which occui on the left side are apt to be diagnosed late, the 
so-called “thoracic signs” aie moie commonly seen than in the case of right- 
sided abscess These signs aie “fuzziness” of the diaphiagm on the roentgen- 
ogiam, those of pneumonitis, 01 those of fluid (seious or purulent) of vary- 
ing amount m the pleuial cavity In fact, it is only too often the signs of 
fluid m the left pleuial cavity, ^\hlch is secondary to the abscess, that bring 
about the diagnosis of the abscess itself Such was the case m two instances 
in the senes leported heie It is most essential to bear m mmd that fluid 
aliove the diaphragm fiequentl}’- means pus below it and to suspect the 
abdomen rathei than the chest 

Roentgenologic and FInoi oscopic E^xannnafwn — The 1 oentgenogram and 
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the fluoioscope aie piobably the most useful aids m establishing a diagnosis 
of subpbienic abscess Examination undei tbe fluoioscope characteristically 
shows a high, fixed diaphiagm m the case of nght-sided abscess With the 
left-sided abscess, howevei, the diaphiagm is not so high for the leasons given 
above Even if it is high, the disci epancy of its height as compaied to that 
on the light is not so noticeable, since it noimally is lowei than the right, 
01 Its elevation may be attiibuted to abdominal oi gastric distention, both 
of which influence the left half of the diaphiagm moie than the light (Fig 6) 
On the left, howevei, fixation of the diaphiagm is a most impoitant sign 
of an abscess beneath it, and it occuis even though the diaphiagm is not high 
The piesence on a i oentgenogi am of an an bubble beneath the light half of 



A B 

Fig 7 — Roentgenognnis shoHing (A) the iioriml rehtionship of the baruim filled stomach to the 
diaphragm, and (B) the downward and medial displacement of the stomach b> the subphrenic abscess 
in Case 4 

the diaphi agm with a fluid level beneath it clinches the diagnosis of subphrenic 
abscess This finding is said to occui in fiom one-fouith to one-half of the 
cases of subphienic abscess and can be detected if films aie taken from vaiious 
angles Air and fluid beneath the light half of the diaphiagm aie easy to 
detect, but beneath the left half, confusion is caused by the noimal findings 
of air and fluid in the stomach Consequently, the fluid level and air in a 
subphienic abscess aie easily ovei looked on the left side The tiue natuie 
of such an can be veiy easily determined by the simple expedient of filling 
the stomach with barium Noimally the stomach, when filled with barium 
and with the patient in a low Tiendelenbuig position, lies m contact with the 
diaphiagm (Figs 7 and 8) If theie is an abscess beneath the diaphragm, 
the baiium-filled stomach will be found to be sepaiated from the undei surface 
of the diaphragm by a consideiable space which may contain an or may not 
Even if there is no an in a left subdiaphragmatic abscess, the filling of the 
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Stomach AMth baimm will establish the diagnosis, o\Mng to the displacement 
of the stomach do^^mvard and medially and posteiioily by the abscess if it 
lies in the anteiioi space, oi anteiiorty if the abscess lies in the posteiior space 
(Figs 7 and 8) Aftei being given the barium by mouth, the patient should 
be placed in a low Tiendelenburg position to insuie that the stomach conies 
m contact with the diaphiagm if it is possible for it to do so By this one 
simple maneuver, the diagnosis of left subphienic abscess becomes a much 
simpler and easiei mattei, let I can find no leference to its use m the snigical 
literature It should be used wheneiei theie is a suspicion of a left subphrenic 
abscess 



Fig S — Lateral roentgenograms showing (A) the normal relationship of stomach to diaphragm, and 
(B) the downward displacement of the stomach bj the subphrenic abscess in Case 4 


CASE REPORTS 

Case I — Hosp , No 575SG F L , feruale, age 19, %\as admitted to the Good Samar- 
itan Hospital, August 21, 1935 complaining of weakness and pain in the left upper quadrant 
and lumbar region Her past historj was of no importance Her present illness began 
in Not ember 1934, when, after hating been deluered of a normal child, she contracted 
a postpartum infection to which she nearh succumbed She was confined to bed m another 
hospital from the time of delnery until Februar3 20, 1935 After being at home and in 
bed for three months she began to be up and about During this time she ran a low'- 
grade feter, felt weak and sick and had a soreness and pain in her left lower chest and 
upper abdomen These stmptoms became more acute m August, 1935, when she was ad- 
mitted to the Good Samaritan Hospital m care of Dr F Williams and Dr CJ>de Roof It 
w as found that she had been liar mg se\ ere knife-like pains m the upper left quadrant and a 
sharp pain referred to her left shoulder, that there had been occasional attacks of romiting 
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and a feeling of weakness and lassitude Her temperature ranged between g8° and ioo° 
F, pulse 100, respirations 20 WBC io, 37 S, RBC 3,700,000, Hb 72 per cent 

Phvsical E\aiiiwatio)t— There was lagging of the left costal bolder with some fulness, 
dulness at the left base and very little excursion of the diaphragm Roentgenologic exam- 
ination of the chest showed a high diaphragm on the left with no fluid m the pleural cavity 
and the lungs clear Fluoroscopic examination revealed that the left diaphragm was 
high and fixed and that there was an air space with a fluid level just beneath the dia- 
phragm Barium was given bj mouth and films taken with the patient Ijing flat on the 
table These showed that the true air bubble in the stomach was separated from the air 
space icferrcd to abo\c bv a considerable distance From these examinations it was ob- 
vious that one was dealing with a left subphrcnic abscess A barium enema was given, 
and some of the barium was found to enter the abscess cavitj It was clear now that the 
subphrcnic abscess communicated with the transvcisc colon, having ruptured into it at 
some previous time 

0 />c?a/ioii— September 3, 1935, Doctoi Roof Nitrous oxide-ether anesthesia Suspect- 
ing that there might be difiicult\ in localizing the abscess, a short, high, left rectus in- 
cision was made, and the abscess located beneath the costal margin A shoit segment of 
rib in the mldaxlllar^ line was resected A rubber tube and cigarette diains w'ere in- 
serted The abscess cavitj , which w as about 10 cm in diameter, lay between the anterior 
portion of the diaphiagm and the undersurface of the liver above and the trans\crsc colon 
and spleen below', and w'as bounded posteriori} bv the stomach — in other w'oids, it was a 
left anterior inferior subphrenic abscess 

The wound diained feces and pus for tw'o w'ecks and then rapidl} healed The patient 
w'as discharged, Septcmbei 20, 1935 Slie was readmitted, No^ ember 6, 1936, at w'hich time 
her right tube, ovary and appendix were icmovcd Since then she lias icmamcd w'cll 

Comment — The diagnosis in this case was made nine months aftei the 
onset of a postpaitum infection, winch seems to have been the logical cause 
for the subphienic abscess It is impossible fiom the histoiy to deteimine 
tvhen the abscess uiptnied into the colon, but fiom its small si?e, when found 
at operation, and from its thick filjious walls, the luptuie must have occuiied 
many w'eeks befoie opciation The lepeatcd episodes of fevei and malaise 
wdnch occuiied at inteivals duiing hei long illness must have been due to 
peiiods of pool diainage of the contents of the abscess into the colon It is 
interesting that on fluoioscopic examination an an bubble w'as seen beneath 
the left diaphiagm, but one could not be sine whethei the an bubble w'as in 
the stomach 01 not until the baiium was given Rainaid repoits spontaneous 
luptuie of 23 subphienic abscesses, occiniing into the bionchus in foui cases, 
into the pleuia in five cases, into the stomach in eight cases, into the colon 111 
tW'O cases, tin ough the skin m tw'o cases, into the pei itoneal cavity in one case 
and into the small intestine m one case 

Case 2 — Hosp No 101749 J L E, white, male, age 31, w'as admitted to Chiist 
Hospital, March 12, 1936, with a diagnosis of “a ruptured appendix wuth pciitonitis ” 
He was operated upon immediatelv bj Dr E A Kmdel Through a McBuincv incision, 
a ruptured gangrenous, pelvic appendix was removed, a colon bacillus and Staph} lococcus 
peritonitis found and cigaiette drains w'cic placed into the pelvis and down to the cecum 
(a large fecahth had been removed f 1 om the pelvis ) Aftei a stoi my convalescence foi 
four days, he began to impiove considerably, but ten days after operation, he began to 
complain of pain in the left low'er thoiacic region and on examination signs of fluid were 
detected in the left chest The left pleuial cavity was aspirated, Alarch 24, 1936. 12 
days after operation, and 10 cc of yellow, cloudy fluid was obtained, which was negative 
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for organisms on smear and culture A roentgenogram of the chest, March 27, showed 
“fluid 111 the left chest ” On April i, 700 cc of fluid of the same character was removed 
from the left pleural cavity, and on April 9, 28 days after operation, 600 cc of fiank pus 
with a fecal odor was witlidiawn On the following day, a closed aspiration drainage was 
established in the left pleural cavity At this time the patient appeared extremely toxic, 
slightly jaundiced, the tube in the left chest was functioning well, the abdomen was 
moderately distended and a laige tender mass m the region of the right lobe of the liver 
was made out 

Opciation — April ii, 1936, Doctors Kindel and Cartel There was a good deal of 
bile-stained fluid in the peiitoneal cavity The right lobe of the liver was very large and 
bulging , it was opened and an abscess containing about 1,000 cc of bile-stained pus and in- 
spissated bile was evacuated After removal of the pus, a large cavity remained, which 
we took to be in the livei, and from which a pi elongation extended far up toward the 
left lobe The edges of the opening m the liver were sutured to the peritoneum and the 
rest of the wound loosely closed aftei soft rubber tubes and cigarette drains had been 
placed into the abscess cavity 

The abdominal wound drained large quantities of bile-stained pus and bile, and the 
tube in the left thorax discharged foul-smelling pus One month after operation, both 
wounds had ceased to dram, and the patient was discharged He has remained well since 
that time During the convalescence repeated roentgenograms showed a cavity below the 
diaphragm as well as an empyema cavity above it, so that the diagnosis of left sulphremc 
abscess was established beyond question 

Comment — ^Ten days aftei opeiation, fluid was discovered m the left 
pleural cavity This, combined with the pain in the left lowei chest, was the 
fill St evidence of the left subphrenic abscess and it is piobable that the abscess 
could have been diagnosed at that time had baiium been given by mouth and 
roentgenograms taken with the patient flat on the table 01 in a slight Tren- 
delenbuig position It is interesting to speculate as to whether the livei 
abscess was the cause of the left subphrenic abscess, due to its rupturing 
under the diaphragm, or whether the subphienic abscess bm rowed into the 
liver as well as through the diaphiagm and then caused the liver abscess 
The anatomic location of the subphienic abscess was not definitely determined 

Case 3 — Hosp No 79071 F J, colored, male, age 14, was admitted to the Cin- 
cinnati General Hospital, August 28, 1937, with a diagnosis of ruptured appendicitis 
He was immediately operated upon, and a gangrenous, ruptured appendix removed A 
good deal of odorless, thick fluid was aspirated from the peritoneal cavity and the perito- 
neum closed tightly, only the wound itself being drained Six days after operation, a small 
pelvic abscess was detected, which increased in size until the tenth day, when it suddenly 
disappeared Coincident with its disappearance, the patient became acutely ill, with a dis- 
tended abdomen, high temperature and vomiting, it was felt that the pelvic abscess had 
ruptured into the peritoneal cavity Under appropriate treatment the peritonitis sub- 
sided within two or three da^s On the fourteenth day after operation, the patient com- 
plained of pain in the left lower chest — there were signs of fluid in the left chest, both on 
physical examination and roentgenologically An aspiration of the left chest was produc- 
tive of cloudy, straw-colored fluid, which contained a few Cocci and Bacilli This fluid 
became frankly purulent within two days, and a closed drainage was established in the 
left pleural cavity The tube did not function well on account of the thickness of the 
pus, so, on September 28, 1937, a four-inch segment of the eighth nb in the midaxillary 
line was resected and a wide opening made into the empyema cavity It was immediately 
obiious that there was a hole through the diaphragm leading into a left subphrenic 
abscess Up until this time, there had been no mention made of the possibility of such 
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an abscess being: present Tlie opening in the cliapbiagm was enlarged by excising a 
portion of it A large, soft i ubbei tube was placed in tlie cavitj and the wound left open 
Lipiodol was injected into the sinus and the subphienic abscess well demonstrated, it was 
a left antcnoi uiHapattoncal abscess Ibis patient developed a large pelvic abscess 
and a large intia-abdominal abscess in the legion of the AIcBurnev incision Both of 
these weie diained and the leniaindei of the coii\alesccnce was smooth, the patient being 
discharged “well” but rather badly battle scarred, December i, 1937 He has remained 
well since 

Co^i:ment — The diagnosis of a left subphienic abscess was not made in 
this case until aftei an empyema cavity had been widely opened and the 
opening thiough the diaphiagm actually seen A “subphienic abscess” 
(meaning a light subphienic abscess) had been thought of and iiiled out 
by lepeated flttoioscopic examinations The diagnosis of left subphrenic 
abscess was missed because t/ not considctcd Had it been thought of, 
the collect diagnosis could have been made when the fust complaint of pain 
in the left chest w'as mentioned 

Case 4 — Hosp No S6564 L J , colored female, age 42, was admitted to the Cin- 
cinnati Geiieial Hospital, Janiiarj 27, 1938 She was a \cr\ obese w'oman w'ho w’as eight 
months pregnant and was sufTeiing from earlj antejiartum eclainjisia Blood pressure 
226/150 She W’as djspiieic, had edema of the low'er half of her bodj, and a temperature 
ranging up to 103° F Her mcmbianes ruptured sponlaneoush and after tlie introduction 
of a Braun bag she w’as dclncrcd of a maceiatcd fetus b\ veision and extraction, the 
placenta being lemoved manualh Following delner\, she dc\ eloped a puerperal sepsis 
with signs of peritonitis and nonhemolytic Streptococci in her blood stream Large doses 
of sulfanilamide w’cre given together with tw’o transfusions Tlie blood culture became 
negative, the blood pressuie fell to 120/70 and the peritonitis subsided One month after 
admission, she w'as running a tempciature up to 1004° F, the abdomen was soft and not 
tender An abscess of tlie buttock was drained, March i, and the temperature fell to 

99° F On March 10, she began to complain of sharp, cutting pains in the lower left 

chest The pain continued, increased in sevcriti, and she began to have sharp pains on 

inspiration lefeired to her left sliouldei 

Diaphiagmatic pleurisy was suspected, and a fluoroscopic examination was made, 
March 12 This levealed a fixed diapliragm on the left, the tw'o crura being on the same 
level On Maich 18, the patient had a seveie chill and the temperature rose to 103° F 
On March 24, she vomited several times, complained of generalized abdominal pains, 
became distended and had generalized tenderness 01 er the w’liole abdomen She w’as seen 
by the Suigical Service, Maich 24 At that time, there w'cre signs of a generalized 
peritonitis and a suggestive mass could be felt below’ the left costal margin A diagnosis 
was made of left subphienic abscess w’lth rupture and icsultmg peritonitis Fluoroscopic 
examination on that day show’ed the left diaphiagm to be fixed and to be “shghtlj” ele- 
vated A roentgenogram, made after a barium meal, show’cd the fundus of the stomach 
displaced dozvmvaid and medially 

Opeiatwn — Under local anesthesia, a four-mch segment of the ninth rib w’as resected 
m the left midaxillary line The paiietal pleura w’as edematous and firmly adherent to 
the diaphragm , the diaphragm was, therefore, opened w'idclj’ and an abscess containing 
about 200 cc of thin, foul pus was found beneath it The abscess lay anteriorly and ex- 
tended forward to the costal margin and lateially to the spleen It was an antciioi mtia- 
peiitoncal siibplvcnic abscess Two large, soft lubber tubes were inserted and the 
wound left open Hei postoperative course was stormy The signs of peritonitis con- 
tinued and a mass appeared in the upper right quadiant On April 9, an incision w’as 
made over this mass and 120 cc of thin, foul pus evacuated Pus was seen to well up 
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from between loops of bowel near the collection of pus noted above The patient died 
seven houis after the operation No autopsy could be obtained 

Comment — ^The symptoms of pam m the lowei left chest and pain le- 
feiied to the left neck and shoulder appeared six weeks after the postpaitum 
infection, and at that time a fluoioscopic examination was made It is signif- 
icant that though the repoit stated that the left diaphiagm was fixed and on 
the same level as the light, it made little impiession on the attending physicians 
If the light diaphragm had been coiiespondingly as high as the left leally was, 

I ventuie to say that the diagnosis of light subphiemc abscess would have been 
made at once The collect diagnosis was made by the single expedient of a 
baiium meal followed by a loentgenogiam taken in a slight Tiendelenbuig 
position, but only aftei the abscess had luptuied with the pioduction of a 
fatal peiitonitis 

Case 5 — Hosp No 93036 E T, white, male, age 53, was admitted to the Cin- 
cinnati General Hospital, April 15, 1938, one and one-half hours after having been 
stabbed in the abdomen He was in mild shock, quite drunk, and difficult to manage 
There weie two stab wounds thiough the abdominal wall, one below and to the right of 
the umbilicus, and one at the outei edge of the left rectus muscle just below the costal 
maigm He persisted in refusing to be operated upon throughout his stay in the hospital 
He was tieated with a continuous Wangensteen drainage, a blood transfusion of 300 cc 
daily for eight days, morphia, and was placed in Fowler’s position He lived for ten days, 
and died with all the signs of sepsis and peiitonitis On the fifth day of his illness, he 
began to show some dulness at the left base with limitation of the movements of the left 
half of the diaphragm A fluoroscopic examination, made on the eighth day, showed a 
fixed, high diaphiagm on the left, but no barium was given by mouth on account of 
the patient’s abdominal condition An autopsy was obtained 

Autopsy — There was an old generalized peritonitis, fibrinous in character, two lagged 
holes 111 the ileum, which weie sealed-oft against the anterior abdominal wall, and an 
abscess holding 500 cc of pus beneath the left diaphragm This abscess was bounded by 
the diaphragm above, by the right lobe of the liver and stomach medially and infenorly 
by the spleen and transverse colon 

Comment — The coiiect diagnosis of left subpliienic abscess was advanced 
111 this case, and was based upon pam in the left lowei chest, limitation of mo- 
tion of the left costal maigm, and a fluoroscopic finding of a high, fixed dia- 
phiagm Baiium could not be given by mouth due to the peifoiation m the 
intestine 

Case 6 — Hosp No 99578 A B, white, female, age 29, was admitted to the Cin- 
cinnati Geneial Hospital, July 6, 1938, with a diagnosis of incomplete abortion A curet- 
tage was performed, the convalescence was smooth and the patient was dischaiged at the 
end of 12 days, appaiently well She was readmitted, however, 12 days later with an 
obvious general peiitonitis and was desperately ill for five days, after which she showed 
satisfactory improvement for six days During this time, she had received thiee blood 
ti ansfusioiib, adequate doses of sulfanilamide, continuous gastric drainage and copious 
amounts of fluids by vein On the fourteenth day of her second admission, her tempera- 
ture rose to 103° F and she complained bitterly of pain in the left shoulder and neck 
the pain being increased on deep inspiiation There was tenderness over the left trapezius 
muscle A left subphrenic abscess was suspected, and this diagnosis was substantiated 
b} finding a high, fixed diaphiagm on the left side on fluoroscopic examination, and b}' 
demonstiating downwaid and medial displacement of the barium-filled stomach A two- 
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stage transpleural approach was made at the level of the ninth rib in the midaxillarj 
line, and a subphrcnic abscess containing 300 cc of thick Staph} lococcus pus was evacu- 
ated Her subsequent course was satisfactory, and she was discharged as well, 40 days 
after operation 

Comment — In this instance, the conect diagnosis of left subphrenic ab- 
scess was promptly and accurately made This was laigely due to the interest 
now being taken in this Clinic m this condition The roentgenogiain, taken 
in the Tiendelenbuig position, aftei the ingestion of a baiium meal demon- 
strated the condition vei}' nell 

Tieatmcnt — The piopei tieatment of a left subphienic abscess is adequate 
diamage as soon as feasible after the diagnosis is made An abscess lying in 
the anterior intrapei itoneal space is best diained extiapeiitoneally, through an 
incision just belou the costal margin if it piesents anteiiorly If it cannot be 
palpated below the costal maigin, a tianspleuial approach at the level of the 
eighth or ninth rih in the midaxillary line should be employed Abscesses in 
the lessci peritoneal cavitj’’ should be drained through a celiotoiii}'’, and by an 
opening in the tiansverse mesocolon 01 gastrohepatic omentum, depending 
upon vheie the abscess is piesenting Extiapei itoneal abscesses may be 
diained by an incision in the lumhai region diiectly over them 

One of the six patients in this senes lefused operation, two of the six 
patients had then abscesses diained thiough a tianspleuial approach, one 
thiough the tianspei itoneal loute and in two otheis the subphrenic abscess, 
which had uiptuied thiough the diaphiagm, was drained at the time of the 
thoiacotomy foi the empyema 


CONCLUSIONS 

(1) The occuiience of subphrenic abscess on the left side has not been 
emphasized enough heietofoie, most of the attention has been directed to the 
light-sided abscess Statistics indicate that, of eveiy foiii 01 five subphrenic 
abscesses, one wall be on the left side 

(2) Subphienic abscess on the left is inoie difficult to diagnose by physical 
examination than is the right-sided vaiietj' 

(3) The 1 oentgenologic and fluoioscopic diagnosis of left subphrenic 
abscess can be simplified and made inoie ceitam b}^ examining the patient aftei 
the stomach has been filled with baiium 

(4) Six cases of left subphienic abscess aie repoited 111 detail They em- 
phasize the fact that these abscesses aie diagnosed late, and often onl}’’ then, 
because of ruptuie into the pleura, into a hollow viscus or into the peritoneal 
cavity 

(5) Suppuiation m the pelvis, especially postpaitum infection, is fie- 
quently the cause of left subphienic abscess 
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Discussion — Dr Alton Ochsner (New Oileans, La) The Associa- 
tion IS indebted to Doctoi Cartel for calling attention to the relatively frequent 
occurrence of left-sided subphremc abscess I should like to show briefly our 
modification of Beinaid’s localization of the subphiemc abscess 

Suigically the subphremc space is bounded above by the diaphragm and 
below by the tiansveise colon and mesocolon There are three spaces on the 
light and thiee on the left Those on the left, we have divided into two below 
the liver, the antero-mfenor space and a postero-infenoi space, which is the 
lesser peritoneal sac There is a single space above the liver That is due to 
the fact that the left prolongation of the suspensoiy ligament runs in an oblique 
angle, extending posterioily on the left 

About a yeai ago Doctoi DeBakey and I collected 1,531 cases of snb- 
phi enic abscesses, and found that 906 of them, or 59 per cent, were on the right 
side This included oui own cases Fouiteen per cent weie retroperitoneal, 
and 27 per cent, or approximately a fouith, were left-sided Sixty-eight, or 
almost 5 per cent, were combined 

To break this down, one finds that of the left-sided abscesses, the left 
antero-mfenor, which is the space which Doctor Carter referred to, is most 
fiequently involved The left supeiior, that is, above the liver and between 
It and the diaphiagm, was involved next most frequently, or approximately 
4 pel cent, and the lesser side m a smallei percentage 

Doctor Cartel’s diagnostic test is certainly a desirable one because it is 
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difficult to make a diagnosis of left-sided subphienic abscesses Piobably 
the gieatest difficulty is not thinking of the possibility 

I do not believe that any patient with a subphienic abscess should be 
allowed to develop a pleuial effusion They develop it only because of the 
delay in the diagnosis 

I want to emphasize the impoitance ol diaining subphienic abscesses 
exliaseiously when it can be done The moitality late in oui senes of 36 
cases of subphienic abscess diained extiaseiously is 6 pei cent as contrasted 
with the moitalit)f late of most of the lepoited cases varying from 25 to 75 
pel cent 

Dr Stuart Harrington (Rochestei, Minn ) I ^^as veiy much inteiested 
m Doctoi Caitei’s piesentation of the subject of left subphienic diaphrag- 
matic abscess He has emphasized' the difficulties associated with then recogni- 
tion which often led to a late diagnosis I was paiticulaily inteiested in his 
comment upon the fact that these abscesses occasionally luptuie thiough the 
diaphiagm into the lung and empty into the bionchus I should like to call 
attention to a late surgical condition uliicli occasionally lesults fiom a luptuie 
of a left subdiaphiagmatic abscess thiough the diaphiagm into the lung The 
abscess pioduces inflammatoiy neciosis of the diaphiagm and often pioduces 
a laige opening thiough the diaphiagmatic muscle at the point wheie it rup- 
tuies into the lung If the diamage of the abscess is complete, the abscess 
may heal and latei the stomach may heiniate thiough this opening in the 
diaphiagm This, howevei, is not a common cause of diaphiagmatic henna, 
it was the etiologic factoi in only three of the 210 cases of diaphragmatic 
henna upon which I have opeiated The following case is an instance of this 
type upon which I opeiated in 1931 

Case Report — The patient was a law' student, age 22 who had been taken suddenly 
ill at night follow'ing a banquet, ten months before his admission He had had severe 
epigastric pain w'hich had become more or less generalized and his temperatuie had 
reached 104° F Latei, pain had de\ eloped m the left subphrenic region and lomiting 
had occuired Immediate operation had been considered but was not performed because 
of the diffuse character of the sjmptoms The course of the disease remained septic for 
three w'eeks The pain and tenderness then had become localized in the left upper quadrant 
of the abdomen Four w'ceks after the onset, the patient had had a severe attack of 
coughing during the night, and had coughed up about one quart of pus A geneial de- 
crease m the cough and expectoi ation had occuired during the next two months, w'lth 
cessation of thoracic and abdominal symptoms The patient had gamed 25 pounds His 
condition had gradually improved and all of the abdominal symptoms had disappeared 
Fie had returned to his woik and after about one month pain had developed in the 
left side of the upper part of the abdomen on taking food This pain had been leferred 
to the left shoulder , it had not been 1 elated to any' particulai type of food His break- 
fast and midday meals had been lather light and he had had little discomfort after diese 
meals The evening meal had been heavy', and follow'ing this he had had most of his 
trouble Three months after the onset of these symptoms he had begun to vomit w'heii 
the stomach w'as full This had become progressively' inoie severe and of retention type 
He often had vomited laige quantities, two quarts at a time, and the vomitus often had 
contained coffee-giound material All of Ins symptoms had been leheved as soon as the 
stomach had been emptied, or by vomiting 

The roentgenograms of the stomach and esophagus show'ed elevation and fixation left 
side of diaphragm, the stomach w'as fixed to the diaphragm On reexamination, the 
same diagnosis was made Because of his symptoms, w'hicli w'ere ^ery suggestive of 
hernia, operation w'as advised Operation disclosed that practically the entire stomach 
had herniated through a large opening in the left leaf of the diaphragm There was also 
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herniation of three or four feet of the transverse colon An enormous number of adhesions 
were present throughout the entire left half of the upper part of the abdomen and the 
herniated viscera weie very adherent to the margins of the opening, which was situated 
about 2 cm to the left of the esophageal opening, in the posteiior portion of the left half 
of the diaphragm The herniated viscera were leplaced m the abdomen and the abnormal 
opening m the diaphragm was closed with interrupted silk sutures and continuous sutures 
of fascia lata His convalescence was uneventful and he made a satisfactory recovery 

This case is of paiticulai interest not only because of the infrequency of 
the occurience of left subphienic abscess but also because of the rare occur- 
lence of complete healing of left subphienic abscess following traumatic lup- 
tuie thiough the diaphiagm and into the lung It is also of paiticular mteiest 
because of the occurience of diaphiagmatic hernia thiough the site of ruptuie 
of the abscess thiough the diaphiagm The clinical evidence was the most 
impoitant factor in establishing a diagnosis in this case The loentgenogiam 
before opeiation did not disclose the piesence of a henna but levealed that the 
stomach was adheient to the undei sin face of the diaphragm and was causing 
obstruction This was due to the fixation of the lung aiound the margins of 
the diaphiagm on the pleural side The lowei maigin of the lung gave the 
appeal ance of the diaphiagm but at the time of opeiation it was found that 
the stomach had hei mated thiough the opening and was fixed to the undei - 
suiface of the lung lathei than to the diaphragm While this is an infrequent 
cause of diaphiagmatic henna, I have seen two subsequent incidences, and m 
these cases the interval between the onset of the acute abdominal condition and 
the symptoms of the hernia weie much gi eater In one case, several years 
had elapsed befoie the diagnosis of diaphragmatic hernia was established 

Dr Evarts a Graham (St Louis) I wish to add an additional featuie 
to tins piesentation and also to the discussion of Doctor Ochsner, and that is 
that occasionally a subphi enic abscess is not hunted to a single space such as 
has been poitiayed by the speaker I am not lefeiiing to bilateral subphrenic 
abscess, but a subphienic abscess on one side of the body which is not neces- 
saiily confined to a single space Foi example, not long ago I had a patient 
with a subphienic abscess in what Doctor Ochsner would call the left antero- 
inferior space, fiom which space I obtained about 500 cc of pus He improved 
somewhat, but did not recover, and it was necessary to operate upon his left 
postero-infeiior space, at which time about 300 cc of additional pus was ob- 
tained, after which the patient made an uneventful recovery 

I have seen at least one other patient, similar to the case cited above, in 
whom pus was multilocular, that is, occupying more than one space, when it 
occurred on the left side 

Dr Roscoe R Graham (Toionto, Canada) May I express my apprecia- 
tion for the information so ably presented on this interesting and difficult sub- 
ject We have observed, following abdominal opeiation, upon patients under 
spinal anesthesia, that postoperative roentgenograms of the abdomen will 
show that gas is present under the diaphragm for as long as three weeks fol- 
lowing opeiation The importance of appreciating this fact becomes obvious 
m a patient who is doing badly following opeiation, and in whom one might 
suspect a subphienic abscess as the cause Thus, it would be obvious that 
the presence of a gas bubble under the diaphragm within three weeks post- 
operative, if the patient had been operated upon under spinal anesthesia, would 
not be evidence of subdiaphiagmatic suppuration (Lewis, FI TAMA 
28, 18, 1938 ) 
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EXTRAPLEURAL PNEUMOTHORAX * 

IIoRAcn Binney, M D 

liosTON, Mass 

The opera noN of cxtiapleuial pneumothorax has hi ought a new method 
to oui aid 111 the tieatment of tuheiculous cavities m the lung Although sug- 
gested by Tuffier as fai back as 1891, and demonstrated as practical in single 
01 small groups of cases by continental suigeons dining the past few years, the 
method did not meet with geneial acceptance until the lepoits, in 1937, by GraP 
and Schmidt,^ of 107 and 155 cases, lespectnely Then low operative mortal- 
ity and the rapid symptomatic impiovement, as well as conveision of the 
sputum, plus the compaiative simplicity of the pioceduie in suitable cases, 
bi ought It into immediate favoi 

Recent lepoits by suigeons of seveial countiies agiee as to low moitality 
and beneficial efifect of lajud closuie of cavities by selective collapse of the dis- 
eased ai ea, but all agree m the necessity of pi olonged maintenance of the an - 
pocket Theiefore, the opeiation being of so lecent origin, not enough time 
has elapsed foi any lepoits of final lesults, but, foi the reasons already men- 
tioned, and especially the lessei giavity of the o])eiation as compaied with 
thoracoplasty, the geneial opinion has been, to use the words of Coryllos,- 
“that It is w'ell w'orth tiying ” 

Also, m recent 1 eports thei e has been show n a close similai ity as to technic 
with that desciibed by Giaf and Schmidt The adheience to stiict indications, 
howevei, has evidently not been as close, and the lesult has been the application 
to cases which w^ere appaiently not suited to the method It seems, therefore, 
impoitant foi the guidance of those beginning the use of this opeiation, to 
leport unfavoiable results as w^ell as successes, wdiich is the purpose of the 
piesent communication 

Foi the sake of clearness, it ma}' be w'ell to briefly leview”^ the indications 
foi this opeiation and the technic as laid dowm by the principal wTiteis wdio 
have ah eady 1 epoi ted then expei lences 

As the name implies, the aim of the operation is to produce a selective col- 
lapse of the pait of the lung involved, usually the apex, by means of an aii- 
pocket made by stiippmg the pleuial layeis off the innei suiface of iibs and 
mtei costal muscle sheaths The production of this extiapleuial space causes a 
collapse of the lung, vaiying 111 amount with the extent of the stripping the 
maintenance of wduch depends on two factois (i) Tight closuie of the inner- 
most layer of chest w^all tissue to form a complete air sac foi compi ession of the 
lung, and (2) lepeated injections of an into this space foi a pi olonged period 
m 01 der to obtain healing of the oblitei ated cavity The lattei pai t of the treat- 

* Read before the American Surgical Association, Hot Springs, Va, Maj ii, 12, 13, 

1939 
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ment is quite the same as in intiapieuial pneumothoiax with ceitain mmoi 
cliff eiences 

Indications — The indicatioiib foi the operation as given in moie lecent 
ai tides aie as follows 

(1) Cases with apical caveinous disease with complete pleiiial symphysis, 
01 apical adhesions too extensive to be dealt wnth by mti apleui al pneu- 
molysis 

(2) Moie extensive umlateial disease with pleuial symphysis, but whose 
vital capacity is gieat enough to toleiate a sudden and extensive col- 
lapse Fiom oui owni expeiience w^e place the minimum at 1,500 cc 
m such cases 

(3) Cases wdieie, owing to concuiient caidiac disease, old age, asthmatic 
01 emphysematous condition, thoi acoplasty is conti aindicated 

(4) Giownng childien wdieie thoi acoplasty is iindesiiable 

(5) Eaily stages of the disease Ceitam wniteis (Sellors'^ and Oveiholt'*) 
have included, as an indication, a stage, piesumably with cavity alieady 
foimed, wdiich is too eaily to allows thoi acoplasty owing to pool con- 
dition, toxemia, etc, and loweied lesistance Fiom an experience 
(Case 2) 111 wdiich the opeiation, although peifoimed under local 
anesthesia, w^as followed by a lapid spiead in both lungs and death m 
eight wrecks, w^e believe that exti apleui al pneumothorax must be re- 
gal dec! as having a veiy definite iisk in these cases The lapid and 
extensive collapse which may follow^ doubtless breaks down local 
bariieis to the spiead of the disease, wdiich may oveicome lesistance, 
local and geneial We believe the inclusion of eaily cases. 01 of doubt- 
ful resisting powei s, should be exceptional 

To the above list, possibly those cases should be added wheie lepeated 
hemoirhages threaten to seriously i educe the patient but have not yet made 
opeiation too hazaidous While we have not tieated any hemonhage cases 
wnth exti apleui al pneumothoiax, it would seem to be indicated in certain cases 

Conti aindicatwns — Since the possibility of successful pioduction of the 
extiapleural an -pocket depends upon the absence of too firm adhesions between 
parietal pleiiia and chest wall, a veiy chionic condition wath extensive 01 veiy 
dense lesions, especially wnth large cavities neai the peiipheiy, is a contra- 
indication There aie three leasons for this 

(1) There may be no line of cleavage in the endothoracic fascia, so that 
separation is piactically impossible 

(2) The dangei of iiiptiue of a thin-w’'alled cavity, either during operation 
01 latei , is too great 

(3) In thick-walled cavities it may be impossible to pioduce collapse even 
wnth positive piessure 

In these conditions, thoi acoplasty is likely to be safer and more efficient 

Laige cavities, unless centrally located and of not too gieat chiomcity, are 
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also a contiaindication, owing to dangei of luptiue The occurrence of pul- 
monaiy fistula has been mentioned often enough in the published reports to 
piove that luptuie of the cavity wall aftei opeiation is not laie (Overholt,'’ 
Sellois,^ Piene-Bouigeois and LebeP) In the stiipping-off of the fused 
pleuial layeis, the blood suiDpl}'^ of a supeificial cavity wall may well be de- 
stroyed In long-standing disease, especially, it is piobable that the chief blood 
supply of at least the peiipheial aspect of the cavity is fioni small blanches of 
the intei costal vessels which of couise aie luptuied m the shipping process 
Therefoie, we believe that a supeificial cavity of moie than 2 5 cm is a contia- 
mdication, and that 111 such a case a thoi acoplasty is fai safer 

Activity — As suggested in the discussion of Indications, active or too early 
lesions aie a definite contiaindication foi leasons aheady stated 

Technique — In the postenoi appioach, which we have used exclusively, 
the exposuie of the extiapleuial layei is made by an incision through the 
tiapezius and ihomboid muscles, long enough to affoid access to the fourth 
11b and allow subpei lostcal lemoval of about foui inches The length and 
diiection, whethei veitical 01 oblique, will depend upon thickness of the muscles 
and, accoiding to the suigcon’s choice, wdiethei the muscles aie cut transveisely 
01 split betw^een muscle bundles 

Coiyllos- piefeiied lesection of the thud 11b and the end of the coiiespond- 
ing tiansveise piocess, wdneh exposes the thud mtei costal nerve lying on the 
endothoiacic fascia and selves as a guide to the line of cleavage Sellers^ 
advises an oblique incision, division of tw'o iibs neai the spine w'lthout removal, 
spieading of the iibs aftei fieeing the periosteum He states that closure wnth 
a pel losteal sutui e is easy to obtain 

We have employed an incision 2 to 3 cm wuthin the vertebral bordei 
of the scapula in the majoiity of our senes 

The incision of the peiiosteal bed 01 intei costal muscle (Roberts'^') must be 
made with gieat caie in oidei not to injure the paiietal pleura The endo- 
thoiacic fascia in most cases is a rathei loose areolai layei of tissue, and the 
stripping IS done in this layei , lathei than betw^een it and the parietal pleura 
(Coryllos), and the piesence of fat is sometimes a guide to this layer (Over- 
holt) Robeits advises incising the intei costal muscle lather than the peri- 
osteum to protect the undei lying pleuia fiom injuiy, but w^e believe this makes 
the final tight closuie moie difficult The stiippmg is best begun by a waping 
of the pleuia wath a gauze pledget held m a suitable clamp, but -when once 
started the stiipping of loose adhesions can be done with the finger, especially 
as the axillaiy legion is approached The apex should be fieed as thoioughly 
as possible on all sides, and the stripping earned all aiound the diseased lung 
and to a level below^ the lesions m oidei to piovide a “leseive of compiession” 
(Schmidt) Overholt advises stnpping to two 11b spaces below the roentgeno- 
logic level of the cavity This allows for possible readhesion at the lower 
margin of the air-pocket between refills In oidei to contiol hemoirhage from 
torn vessels, an electric illumination of the cavity is indispensable, to render 
bleeding points visible While smaller ones will close wath brief pi essure with 
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a gauze pack, laigei ones may lequire clamping, or even inclusion m a silver 
clip or ligatuie 

Postopeiative henioiihage has been a serious complication m some lepoited 
cases and must be prevented by caieful hemostasis befoie closure is begun 
Overholt has devised flat iibbon letiactois beaiing an electiic light at the end 
to facilitate this impoitant step 

Extensive pleuiitis may have pioduced dense bands which lequiie cutting 
but this is unusual in oui expeiience Of couise, occasionally an extieme 
degiee of extiapleuial fibiosis (“pachyexopleuiite” Pieiie, Bouigeois and 
Lebel) may lendei the stiippmg too difficult and the opeiation must be aban- 
doned infavoi of thoiacoplasty 

The final closuie of the penosteomusculai layei is accomplished by a con- 
tinuous sutuie of fine catgut, which can be made easiei by division of the 
peiiosteum of an adjacent iib and sepaiatmg it sufficiently from the rib to 
lelax the tissues at the sutuie line Any possible gaps, thiough which an 
leakage may occur, should be i einforced by a muscle flap, foi which the serratus 
superioi often selves 

Befoie the patient is lemoved from the opeiatmg table, an injection of 50 
to 100 cc of ail should be made, laismg the manometei piessuie leading to 
about -f- 5 cm 

After-Treatment — Fiequent refills should be earned out, especially duimg 
the fiist few days As the an absoiption may be rapid at fiist, lefills every 12 
hours for the fiist day 01 two may be necessaiy, the inteival being giadually 
lengthened to eveiy two days at the end of the week, and to once a week by the 
end of the month If an is lost thiough emphysema, lowei piessures and more 
fiequent lefills aie necessaiy, but as healing of sutuie line and tissue spaces 
occuis, highei piessuies aie employed to maintain the collapse Fluid, some- 
what bloody at fiist, should be aspiiated Roentgenologic contiol of the air- 
pocket IS of the gieatest value If this shows the flooi of the pocket to be rising 
thiough leadhesion at the maigins, injection of steiile oil, as used by Schmidt, 
Biunner,^ and otheis, should be lesoited to We have found this very useful 
Aftei the an -pocket becomes tightly sealed, pressuies may be laised to -f-i5 
01 -f-20 cm 

Higher piessuies cany the danger of luptuimg the cavity wall, which 
occui red m one of our cases Escape of an tin ough the sutui e line, foi niiiig an 
air-pocket undei the muscles of the back, is another possibility 

DwaUon of Ticatment — As the situation aftei the establishment of an 
extiapleuial pneumothorax (01 oleothoiax) is similai to an intiapleuial pneu- 
mothoiax, which lequiies two yeais 01 moie for successful healing of the 
cavity, the tieatment should be earned out at least as long The operation is, 
theiefoie, too recent foi any leport on final lesults to be available 

Complications Postopeiative hemoiihage into the an -pocket, perforation 
of the cavity wall, fistula, and lesulting extiapleuial empyema are the pimcipal 
complications, any one of which may cause a fatality, or failuie to maintain 
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collapse, which will demand a subsequent thoracoplasty This occuned seven 
times m Schmidt’s series of 155 cases 

Results — The laigest senes of cases as yet lepoited is that of Schmidt In 
155 cases, theie were two opeiative deaths following extiapleural pneumo- 
thoiax, an operative mortality of i 2 per cent Theie were nine deaths later, a 
total mortality of 7 per cent , 52 cases requiied oleothorax , 124 showed a satis- 
factory collapse 

Expel icnccs and Results with 52 Cases at the Boston Sanatoi luin — Din- 
ing the past 1 4 months, exti apleural pneumothoi ax has been attempted or cai - 
ried out m 33 cases, m one of w Inch fii m adhesions pi evented stripping of the 
pleurae from the chest wall, and thoi acoplasty was pei formed Of the 32 cases 
111 which the extiapleural opeiation was peifoimed, all were cases of moie 01 
less advanced disease of a duration vaiying from ten months to 16 yeais 
Thiity cases weie of unilateral, and two of hilateial, apical disease All weie 
perfoimed undei local anesthesia (novocain) pieceded by moiphme and 
scopolamine, and supplemented by gas-oxygen inhalation, during the process 
of stripping the pleura, m most cases In only one case was there a severe 
degree of shock, m all otheis this was slight or moderate Two cases died, one 
(J D, Case i) on the twelfth day, the second (J R, Case 2). after two 
months, the latter having bilateial disease 

In the fiist two cases operated upon, the stiipping was not cairied far 
enough and the lesultmg an -pocket w'as insufficient to pioduce effective col- 
lapse and, while the cough and expectoiation w'eie gieatly diminished, the 
sputum remained positive One of these has had a secondaiy operation after 
ten months of refills This opeiation was carried out without difficulty and a 
large air-pocket established In the othei case, the patient has so fai lefused 
a second operation 

In the third case to be opeiated upon a small an -pocket w^as quickly lost 
through air leakage and adhesions refoiming, and a thoracoplasty was pei- 
foimed four months latei Although a second stage has been lecently cairied 
out, the sputum is still positive 

Seven cases have been dischai ged fi om the hospital m good physical condi- 
tion and with negati\e sputa, and are leturmng eveiy w^eek 01 two foi refills 

In seveial of the earlier cases, an was injected undei excessive pressuie, 
wdnch in two cases lesulted in escape of air undei the back muscles rendeimg 
the collapse less effective, and m a third case a pulmonaiy fistula developed, 
causing infection of the an -pocket, wdiich is now being kept open by a diain 
and iriigated The sputum remains positive The final result is unceitain as 
the collapse is insufficient (Fig i and 2) 

Collections of fluid, at fiist bloody, latei becoming seious occuned m 15 
cases (47 pel cent) and of these eight weie tieated by aspiiation when refills 
weie undertaken In two, the fluid became purulent and gomenol has been 
injected, appaiently wnth good effect One puiulent case has developed a 
spread to the othei lung 
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Fig I Fig 2 

Figs 1 and 2 — Medium sized ca\ity left upv^r Uiseise of three > ears’ duiation Small 

air pocket obtained High pressures used probablj excessive as fistula developed through cavit) wall 
Diainage sinus developed in operation wound Picture shows hpiodol in bottom of an pocket, below 
leiel of fistula 


(Monaco) (Johnson) 



3 Fig 4 

liG 3 —Illustrating case iii which good collapse obtained with large air pocket, and sterile eflfusion 

Fig 4 —Illustrating bilateral disease, operated ^on^m two stages Complete relief of sjmiitoms and 

coniersion of sputum 
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In 27 cases of the 32, a satisfactory an -pocket was obtained, and m 20 (62 
pel cent) a convex sion of sputum effected 

Summary of results 

Operation impossible, requiring thoracoplasty 
Extrapleural pneumothorax carried out 
Fluid (sterile) developed 
Fluid (purulent) developed 
Satisfactory collapse obtained 

Collapse unsatisfactory, requiring later operation (thoracoplasty) 

Conversion of sputum 
Cases made outpatients 
Deaths 

ANALYSIS or rVTALlTIES 

Case I — J D , female, age 32, single, was admitted, April 12, 1938, wuth a history of 
phthisis of II } ears’ duiation lieatecl at other sanatoiia from 1927 to 1931, during which 
time a right phrenicectomy w'as performed, then at home until admission Examination 

(D Annto) 


1 case 
32 cases 

15 cases (47 0%) 

2 cases (62%) 
27 cases (84 3%) 

3 cases (92%) 
20 cases (62 0%) 

7 cases (21 8%) 
2 cases ( 6 2%) 



Tig s — Case i Large cavity in right upper lobe 
At operation, good collapse obtained and 150 cc air 
injected into extrapleural pocket After third day, in 
creasing dyspnea due to rupture of cavity wall, par 
tially relieved bj daily removal of air Death on twelfth 
day 

show'ed normal tempeiature, respiiations 20 to 24, slight cyanosis, signs of involvement 
of right apex, right diaphragm high Sputum positive, tw'o ounces in 24 hours Attempts 
at pneumothorax unsuccessful Duimg next six months, large cavity developed in right 
upper lobe Left lung showed few rales at apex but negative roentgenologically General 
condition fair Vital capacity = 1,000 cc (Fig 5 ) 

Owing to failure to improve, and increase in size of cavity, extrapleural pneumothorax 
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Negio being i^ooi under any conditions, the attempt to prevent further exten- 
sion of the disease by suigeiy was an eiroi in judgment 

CONCLUSIONS 

Extiapleuial pneumothoiax has the advantage of being suitable for local 
anesthesia, of having less shock, and a lowei late of moitahty than thoiaco- 
plasty It cannot, however, be safel}'^ applied in eai ly cases with low i esistance, 
noi is it suitable m large cavities oi in those over 2 5 cm in diametei , when 
veiy supeificial, noi in long-standing cases with dense lesions Here the 
pleuiae aie likely to be too adheient to the chest wall, and thoiacoplasty is 
necessary While lapid in symptomatic benefit, and often in conveision of 
sputum, the aftei -ti eatment with refills must be piolonged — how long we aie 
not yet in a position to judge 
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The infant piesentnig evidence of bowel obstiuction immediately aftei 
buth 01 within the fiist few days of life deseives the best attention of the 
pediatiician and the suigeon Foitunately, these cases do not occur often, 
but pel haps this lelative infiequency of occunence itself may cause the physi- 
cian who first sees the baby to overlook the likelihood of a leal obstiuction, 
and, theiefoie, to delay suigical mteifeience too long I feel sure that this 
may be accountable foi some unnecessaiy deaths 

The fiequency of occuirence of a congenital obstruction in the new born, 
excepting of couise the not uncommon impel foi ate anus, is difficult to esti- 
mate accurately No lepoit of this kind appealed in the liteiatuie until that 
of CaldeN of Edinbuigh, m 1733 Theiemin,- m 1877, found only nine cases 
m 150,000 autopsies m the Foundling's Hospital m St Peteisbuig Tandlei^ 
of Vienna, in 1900, collected 94 lepoits, and Davis and PoynteH of Omaha, 
ill 1922, had gatheied a total of 392 Up to the present time, well ovei 500 
cases have been recorded, and most authois seem to feel that peihaps i m 
20,000 infants at biith aie thus affected 

Many different theories have been advanced to explain the wide vaiiety 
of pathologic conditions that may pioduce a paitial or complete congenital 
obstiuction, yet the piobabilities aie that the great majoiity of them can easil} 
be inteipieted on the basis of eriois 01 defects in embiyologic development 
The veiy fact that most of them aie located 111 the duodenum neai the am- 
pulla of Vater, and the terminal ileum close to Meckel’s divei ticulum, strongly 
suppoits the contention that these anomalies occur at the sites of the most 
complex embiyologic changes, an opinion fiist stated by Bland-SuttoiP m 
‘1889 

The pathology is well undei stood The hteiature conceined with congeni- 
tal bowel obstruction up to within the last 25 yeais was almost a continuous, 
unmteiiupted series of autopsy lepoits and citations of fatal cases, as it w^as 
not until 1911 that the fiist successful opeiation for atresia of the ileum was 
peifoimed by Fockens'’’ of Rotteidam, and not until 1916 that EinsP of 
Copenhagen published the fiist successful operation for atiesia of the duo- 
denum These turn papers still stand as milestones m the field of intestinal 
suigeiy in infants In geneial, two mam tyjies of patholog}- aie lecogmzed 
(i) The mtiinsic, consisting usually of a complete gap 01 inteiruption in the 
continuity of the bowel , sometimes a cord-like remnant of the lumen insuf- 
ficient m caliber to peimit the passag e of intestinal content , and, more rarely, 

* Read before the American Surgical Association, Hot Springs, Va , May ii 12 

13, 1939 ' ’ 
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a septum oi iiis-hke diaphiagnl acting as a paitition to block the channel 
(Seidlin,® and Gaivm'’) (2) The extiinsic, caused by abnoimal folds of 
pel itoneum, adhesions left by fetal peiitoiiitis, diiect piessuie fiom overlying 
large vessels e , the lOOt of the mesentery acioss the thud poition of the 
duodenum), 01 a faulty lotation of the cecum 01 ascending colon, leading to a 
volvulus of the midgut on the axis of the supeiioi mesenteric aiteiy and ab- 
noimal fixation of the cecum m a position wheie it paitially 01 completely 
blocks the duodenum close to its junction with the jejunum Davis and 
Poynter,'^ in then analysis of 392 lecoided cases up to 1922, showed that 134 
occuned in the duodenum (59 above the ampulla, and 75 below it), 60 were 
m the jejunum, loi were found neai 01 at the teiminal ileum, and only 39 
m the colon In 76 instances the lesions weie multiple 

Early lecognition of an obstiuction in the new bom is essential if success- 
ful lesults are to be expected and the high moitahty mateiially 1 educed The 
physician fiist to see the infant must, therefoie, be aleit to the possibility of its 
piesence In the difleiential diagnosis of everj’^ case of pylorospasm or con- 
genital pyloric stenosis, especialty in the absence of a palpable tumor, and 
particulaily if the vomiting begins eaily (aftei the fiist nursing 01 within the 
fiist few days of hfe), one must always considei the possibility of a partial 01 
complete obstruction in the fiist poition of the duodenum The presence of 
bile m the vomitus gives one a valuable clue, and the clinical pictuie of persist- 
ent bihaiy vomiting coupled with visible peiistaltic waves in the epigastiium, 
a flat lowei abdomen, and lapid dehydiation is almost unmistakable evidence 
of an obstiuction of the duodenum below the ampulla of Vatei, in all piob- 
abihty due to a tiue atiesia, piessure from the ovei lying supeiioi mesenteiic 
vessels, 01 a twist at the duodenojejunal junction A peisistent vomiting 
which soon becomes fetid in odoi and blown in coloi, and is associated with 
general abdominal distention and obstipation can mean only one thing, ? e , a 
partial or complete obstiuction lowei down, probably in the teiminal ileum 
In any case where a doubt exists, it is a wise plan to veiify one’s suspicion 
roentgenologically, by giving a little thin baiium mixtuie by mouth if the ob- 
struction seems to be high, 01 by giving baiium as an enema if the obstiuction 
seems to be low In the foimei, the exact lowei limit of the obstiuction can 
thus be easily demonsti ated, and in the latter, the visualization of the col- 
lapsed colon will help to confiim one’s impiession of the lesion being pi 0x1- 
mate to the ileocecal valve 

What chance, you may ask, has a new boin baby thus afflicted, with a 
complete or almost complete obstruction in the duodenum oi small bowel, to 
survive beyond a peiiod of a few days 01 at most a few weeks ^ I can best 
answei that question by lefening to the evidence from the hteiature and add- 
ing to that evidence certain impressions which I have gained from my own 
expel lence 

Group A If the obstruction is in the jejitniuu 01 tleum, the chances of 
recovery are very small, because, during a peiiod of ovei 100 years, there have 
been only three successful lesults reported 
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Case I— Fockens, P ° Rotterdam, 1911 Vomiting since birth becoming fecal in 
chaiacter On seventh da> after birth bi ought to hospital Abdomen distended and 
tympanitic Visible peristalsis At operation on eighth day, a gap m lower ileum 4 cm 
long bridged by fibioiis cord Lafcial anastomoses Recovery 

Case 2 — Demmer, Fritz,^° Vienna, 1921 On September 22, 1921, new born infant 
brought to hospital, presenting evidence of a tumor m region of navel and complete 
obstiuction of small bowel At opeiation an atiesia of teiminal ileum with 14 cm gap 
Resection of vestige of cecum La fetal anastomosis Recovery 

Case 3 —Carter, R F New Yotk, 1933 Infant foui days old No bowel move- 
ment since bnth Fecal vomiting for 12 hours Modeiate distention and visible peristal- 
sis At operation an atresia of lower ileum with cord-hke stiucture attaching it to the 
cecum Pioximal bowel gieatly dilated, distal collapsed Lateial anastomosis between 
ileuin and descending colon Ileostomy proximal to anastomosis Recovery 

Comment — Anyone who has had expeiience with this type of case will 
be able to appreciate the leasons foi the high moitahty in this group The 
baby is usually in pooi condition when it comes to opeiation, the pioximal 
bowel IS not only gieatly dilated but often begimimg to show signs of necrosis 
The distal bowel has iievei functioned and is collapsed — ^usually the size of a 
small lead pencil Even if a lateial anastomosis can be made, the thick, viscid 
meconium in the distended bowel cannot leadily pass on into the distal seg- 
ment Thei e has never been a successful i esult i ecoi ded whei e ileostomy alone 
has been used 

Group B If the obstiuction is m the duodenum and pioduces a complete 
01 almost complete block of the lumen, which requiies some soit of shoit cir- 
cuiting anastomosis, the outlook, while still bad, is considerably biightei than 
m Gioup A Moieovei, the piospects foi still better results aie veiy en- 
coui aging 111 this gioup successful opeiative results are limited to the fol- 
lowing 16 cases 

Case I — El nest, N P Copenhagen, 1916 Male infant Vomiting began with first 
feeding and continued Rapid loss of weight Dehydration Operation on eleventh day 
showed duodenum greatly dilated down to upper margin of transverse colon Jejunum 
collapsed Duodenojejunostomy (antecolic) Recoveiy 

Case 2— Weeks, A, and Delprat, G B ,^2 Infant six days old Congenital 

atresia of third portion of duodenum Stomach and duodenum presented gross appear- 
ance of hourglass stomach Gastt o-cntct ostomy Recovery 

Case 3 —Higgins, T T London, 1923 Male infant one week old Biliary vomit- 
ing since birth No bowel movement after second day Emaciation Visible gastric 
peristalsis Roentgenograms after giving baiium showed obstruction of lower duodenum 
with few flecks passing after 45 minutes Mass m region of pancreas Jejunum col- 
lapsed Posteiioi gasii o-entet ostomy Recovery 

Case 4— Richter, H M,^^ Chicago, 1924 Infant four days old Atresia of duo- 
denum Postciioi gastt o-cntci ostomy Recovery 

Case 5 —Cutler, G D 1924, cited by Clara Loitman Infant four days old Con- 
genital obstruction of duodenum Postciioi gasti o-enfet ostomy Recovery 

Case 6 Steward, M London, cited by H C Cameron, 1925 Female infant 
On thud day began vomiting bile Seen on fifth day Meconium stool Distention of 
the abdomen Roentgenograms showed duodenum greatly distended with barium Few 
flecks passed into jejunum Postciioi gasti o-uiici ostomy Recovery 

Case 7— Bowling, R W New York, 1926 Female infant Vomiting began noth 
first nursing and continued Meconium stools Roentgenograms showed complete ob- 
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structioii and great dilatation of the duodenum Operation on ninth daj' Weight s lbs 
Duodeiiojejuiiostoiiiy (antecohc) Recovery 

Case 8 — Sweet, G B, and Robertson, C,^® New Zealand, 1927 Female infant nine 
days old Vomiting began with lactation and persisted, becoming projectile Very little 
meconium Loss of weight Visible gastric peristalsis Operation on tenth day Duo- 
denum dilated in third portion Jejunum collapsed Anfenot gasti o-oitci ostornv Home 
on ninth day Twelve days latei, returned to hospital with vomiting as before Duodeno- 
jejunostomy performed Recovery' 

Case 9 — Porter and Carter,^® cited bj' Clara Loitman 1927 Infant successfully op- 
erated upon for congenital atiesia of the duodenum After four >ears. in perfect health 
Type of operation not stated 

Case 10 — Ladd, W E ,-® Boston, 1932 Hosp No A5528 Premature infant, four 
da>s old Vomiting since birth Visible epigastric peristalsis Complete retention of 
barium in duodenum after four hours Posteiioi gasti o-entei ostomy Recovery 

Case II — Ladd, W E,-® Boston, 1932 Hosp No 3599 Female infant, age six 
days Vomiting since birth Intrinsic obstruction of duodenum Postenoi gasti 0- 
entei ostomy Recover} 

Case 12 — Donovan, E J New York, 1936 Cesarean bab} Biliary vomiting 
since birth Roentgenogram on ninth day showed obstruction at third portion of duo- 
denum At operation obstruction seemed to be due to pressure by superior mesenteric 
vessels Duodenojejunostomy (antecohc) Three rows of suture Recovery 

Case 13 — Donovan, E J New York, 1936 Male infant Seen at age of 17 da}s 
Biliary vomiting since birth Uppei abdomen distended Visible epigastric peristalsis 
Roentgenograms show duodenum greatl} dilated with small particles of barium passing 
after 40 minutes Duodenum as large and thick-walled as the stomach Obstruction 
seemed under superior mesenteric vessels Duodenojejunostomy (antecohc) Three 
lows of suture Recovery 

Case 14 — Morton, J J , and Jones, T B Rochester, N Y , 1936 Infant four days 
old Vomiting began 48 hours after biith Dehvdration Visible gastric peristalsis 
Mongolian idiot Posteiioi gasti o-entei ostomy Duodenum greatly dilated and walls 
very thin Recovery Two years later death from pneumonia Autops} showed con- 
genital absence of third poition of duodenum 

Case 15 — Morton, J J and Jones, T B Rochestei, N Y, 1936 Female infant 
Vomiting began fifth day On twelfth dav, visible gastric peristalsis Roentgenograms 
with barium showed complete block in second part of duodenum At operation the dilated 
duodenum was opened longitudinally at point of obstruction and a 2 Mm -thick diaphragm 
removed with electric cauter} Bowel closed transversely Convalescence stormv 
Recovery 

Case 16 — Tallerman, K H, and Levi, D ,-® England, 1938 Male infant, age 15 
weeks Began vomiting biliary material one day after birth On sixth day roentgeno- 
gram showed obstruction in second part of duodenum At operation an antenoi gasti 0- 
entei ostomy On third da}, w^ound was opened and a gastrostomy performed because 
of failure of anastomosis to function On seventeenth da}, abdominal wound resutured 
Bile continued to leak and digest the skin Recover} after two months 

Comment — It will be seen that up to 1918, only two cases in this group 
had been successful By 1928 (ten-yeai peiiod), only sev^en had been added, 
and at the end of 1938, theie was a total of 16 It wall be noted also that in 
these 16 successful opeiations a gasti o-entei ostomy was performed nine times, 
a duodenojejunostomy five times, the duodenum was opened and a septum 
lemoved once (Morton and Jones) and in one case the type of opeiation was 
not stated I am of the opinion that m the high obstructions of the duodenum 
(above the ampulla of Vater) a gasti o-entei ostomy is the piocedure of 
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choice In the lowei obsti uctions, in which the degiee of diktation of the duo- 
denum IS gieat, a duodenojejunostomy is piefeiable Natmally, the technic 
IS difficult, because one is making an opening between a dilated viscus and a 
jejunum which has nevei functioned and has the calibei of a goose-quill 
Undei these conditions, injection of air oi watei into the collapsed jejunum, 
as advocated by Webb and Wangensteen's may facilitate the pioceduie, and 
the employment of only two lows of suture makes it technically easiei It 
is obvious, of couise, that the employment of the finest needles and silk is 
essential to success 

Gioup C In addition to the 19 successful cases m Groups A and B, 
there have been six otheis in which the obstruction was due to an abnormal 
band 01 an adhesion, and by the removal or severance of this sti ucture the con- 
tinuity of the bowel was successfully 1 eestabhshed Five of these involved the 
duodenum and one the ileum 

Case I — ^Jewesbury, R C , and Page, Mav,--* England, 1922 Female infant Vomit- 
ing of bile since first feeding Loss of weight Roentgenogram showed obstruction be- 
tween second and third portion of duodenum At operation (Mr Page) on twelfth day, 
the first part of jeiunum was found to be twisted and fixed by adhesions which were 
divided Recoveiy 

Case 2 — ^Jackson, Reginald,-® Madison, Wis , 1926 Female infant, seven days old 
Projectile vomiting began third day Weight 4)4 lbs Barium given and partial ob- 
struction seen in region of pylorus Next few days, vomitus contained bile At opera- 
tion, on twenty-first day, a dense vasculai veil was found compressing second portion 
of duodenum This was divided Recovery 

Case 3 — Carter, R F New York, 1933 Infant seven days old Vomiting since 
birth, projectile in character No abdominal distention Roentgenogram with barium 
showed complete occlusion of first part of duodenum At operation a fibrous band was 
divided and the obstruction relieved Recovery 

Case 4 — Davenport, G L, and Goldberg, S L,-® Chicago, 1934 Premature infant 
Vomiting, distention, absence of stools At operation, on third day of life, loops of upper 
jejunum distended Obstruction caused by adhesion to parietal peritoneum m left upper 
quadrant Released Recovery 

Case 5 — Morton, J J , and Jones, T B Rochester, N Y , 1936 Infant few days 
old Roentgenogram showed obstruction in duodenum At operation duodenum was 
fixed by adhesions in several places These were divided Recovery 

Case 6 — Stenson, Walter,-" New York, 1938 Female infant, four days old (eight 
months premature twin) Vomiting began fourth day Barium roentgenogram showed 
obstruction in second part of duodenum At operation a band was divided in front of 
duodenum Portal vein accidentally opened Bleeding controlled bv packing Con- 
valescence stormy Recovery 

To this list, I wish to add my owm experience with 14 cases of congenital 
obstuiction covering a peiiod of the past 13 yeais, six involving the jejunum 
and ileum wnth a fatal lesult m each case, and eight involving the duodenum, 
four of which lesulted successful^ 

CASE REPORTS 
JEJUNUM AND ILEUM 

Case 1 —Infant Carey Born at Presbyterian Hospital, December 5, 1925, with 
abdomen greatlj distended Few large peristaltic wares seen about umbilicus Barium 
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enema i oentgenogi am showed collapsed colon On December 6, 1925, a plain roentgeno- 
gram showed great distention of loops of ileum Operation under local anesthesia 
McBurney incision Ileostomy On January 16, 1926, the ileostomy was closed, with 
lesection and lateral anastomosis Januaij' 22, 1926, death from peritonitis Autopsy 
Terminal three inches of ileum size of goose-quill 

Case 2 — Infant Susie Brown (Fig i), age two days Cook Count} Hospital 



Fig I — Cise 2 Age two da 3 S Congenital obstriic 
tion at the terminal ileum Ileostom> Death 



Tig 2 — Case 3 Age two da>s Congenital obstruction of ilie 
jejunum from adhesions Adhesions diMded Death from pne 
monia, four dajs after operation 

Vomiting since birth Distention progressively more maiked, involving entire abdomen 
Opciafion — July lo, 1929 Entire small bowel distended, most maiked at cecum En- 
tire colon collapsed, rudimentary in size — average diametei about i cm Ileostomy 
Content of terminal ileum thick, tenacious meconium which could not dram Death m 
24 hours 

Case 3 — Infant May Jones (Fig 2), age two days Cook County Hospital Vomit- 
ing since birth No bowel movement except meconium Distention of upper abdomen 
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Tig 4 — Cabc 3 Auc one week Congenitnl atresn of the upper ilcum plus 
in imperfonte inns I itenl inistomosi‘> ifter sif,nioitlostom% Deith 



Tig 5 — Cise 6 Age six da>s Congenital obstruction of the midileum 
Lateral anastomosis Death from pneumonia 24 hours after operation 
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tion of midportion of ileum Bowel above 6 cm wide, below 6 Mm wide Deflation 
with needle Lateial anastomosis Death January 22, 1935 Autopsy Atresia at junc- 
ture and middle oiie-third Bronchopneumonia 

OUODENUJI 

Case 7 — Chiuso, Rose (Fig 6), Mongolian, age three weeks Birth at Presbyterian 
Hospital Weight 7 lbs, 2 oz Admitted to Presbyterian August 18, 1930 Two dajs 
after infant was brought home from hospital, she began vomiting projectily after every 



Fig 6 Case 7 Age three weeks Congenital atiesia of the duodenum Posterior gastro 
enteiostomj Recover! Death from pneumonia fi\e weeks Jater 

feeding Dehydration Visible epigastric peristalsis Small tumor mass palpable in 
right upper quadrant Pustule in right inguinal region Vomitus bile stained Peristaltic 
^saves 0 /ici at, on -August 20, 1930 Local anesthesia Rectus incision No pyloric 
umor Bejond first 2j< inches of duodenum it could not be followed Merely pancreas 
m vieu Belou pancreas duodenum again seen as far as upper margin of transverse 
colon Posfcno, yasti o-cnto ostomy performed because of evident atresia m region of 
pZIoJ Three-rou method with one clamp on both stomach and jejunum 

diS uneventful Recoverj One month later, developed pneumonia and 

of ^idopsy Gastro-enterostomj patent uith no leak An atresia 

of the duodenum 14 Mm long, in center of which the ampulla of Vater opened 

595 



EDWIN M MILLER 


Annals of Surgen 
October 1939 


Case 8— Ross, Marion (Fig 7) Born February 25, 1931 Weight 814 lbs Soon 
after birth, began projectile vomiting and did not take food well Roentgenograms at 
first showed no opening at pylorus, but later, a little barium passed into small bowel 
Diagnosis made of congenital pyloiic stenosis, aftei failure to obtain lelief of vomiting 
by ati opine or luminal Diagnosis confirmed by Doctor Grulee, who thought he could 
feel a pjloric tumoi Once or twice, a small amount of bile was noticed in the material 
vomited Fust Opoation — March ii, 1931 Infant was 16 days old Weight lbs 
Right rectus incision undei local anesthesia Pylorus normal First two inches of duo- 
denum wider than normal and could not 
be followed further Abdomen closed 
Vomiting continued Second Opciahon 
— March 13, 1931 Under ether anesthesia 
Left paramedian incision Postcnoi 
gast) o-cntc) ostomy Postoperatne course 
uneventful after first few days Recoverj 
Case 9 — Olson, Richaid, age four 
dajs Admitted to Presbyterian Hospital 
June 28, 1931 Infant boin at home three 
davs previously, apparently normal Mon- 
golian type Biliary vomiting for past 
three days Visible peiistalsis Condi- 
tion poor Operation — ^June 29, 1931 

Stomach and duodenum distended with 
gas Jejunum collapsed Postcnoi 
gasti o-entei ostomy No clamp used 
Diagnosis congenital atresia of thud por- 
tion of duodenum probably just below 
ampulla of Vater Death on following 
day No autopsy 

Case 10 — ^\Vilder, Frank (Fig 8), 
age seven years July 26, 1931, admitted 
to Cook County Hospital Abdominal 
pain Inability to pass gas per rectum foi 38 hours Vomiting for two hours When he 
was a baby had a Ramstedt operation for congenital pyloric stenosis Since then he has had 
many attacks of what appeared to be partial intestinal obstruction, each lasting from two 
days to three weeks Present attack began 38 hours ago with pain over entire abdomen, 
localized chiefly m umbilical legion, associated with vomiting and mabilit3'’ to pass gas 
July 27, 1931, discharged from hospital much relieved 

November 5, 1931, readmitted to hospital, complaining of cramp-like, intense pain for 
13 hours Vomiting for eight hours Examination General tenderness, distention 
November 6, 1931, vomiting persisting Opeiation — Right rectus incision There had 
been complete failure of rotation of intestine so that all of small bowel lay in front of 
colon No reti operitoneal duodenum Volvulus of midgut on axis of superior mesenterj 
artery causing obstruction at duodenojejunal junction Bowel had become more or less 
fixed in this position by adhesions Veins gieatly distended Lymph nodes enlarged 
Cecum lay near midline above umbilicus Adhesions divided, permitting rotation of 
bowel back to normal position December 22, 1931, discharged Follow-Up Seen m 
Clinic June 28, 1932, January 28, 1938, and January 10, 1939, appeared to be m perfect 
health since operation (Fig 9) 

Case II — Schmidt, Phjdlis (Fig 10), age five months Born June 20, 1935 Weight 
5 lbs Cook County Hospital November 20, 1935, admitted to hospital Weight 12 lbs, 
II oz History of vomiting more or less since birth Nose, lips, hands and feet always 
blue 

Examination (i) Congenital heart (2) Vomiting of bloody material Stools posi- 
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Fig 7 — Case 8 Age nine Congenital atresn 
of the second portion of the duodenum Posterior 
gastro enterostomj pei formed at age of two weeks 
Excellent health eight years later 
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Fig 8 — Case lo Age seven Complete obstriic 
tion at the duodenojejunal angle following repeated at 
tacks of paitial obstruction since mfancj Pathology 
Volvulus of midgut and incomplete rotation of the colon 
Opeiation Adhesions freed and volvulus entwisted Re 
coverj Excellent health seven years later 


Fig 9 — Case lo Opeiated upon in 
1931, seven jears ago, foi chronic ob 
stiuction at the junction of the duodenum 
and jejunum, due to lotation of the small 
bowel on the axis of the superior naesen 
teric artery 



Fig id — Case 1 1 Age fi\ e months Congen 
itai partial obstruction of the duodenum Duodeno 
jejunostomj Death from pneumonia 






Fig II— Case 13 Age nine dajs Congen 
ital obstruction of the third part of duodenum 
Duodenojejunostomj (antecolic) Entero enteros 
tomj Recoi erj 
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tive for blood (3) Cough and fever Temperature ioo°-ioi° F December 13, 1935, 
barium bj mouth Roentgenograms showed that the barium began to leave stomach 
after two hours and emptied into a huge, dilated duodenum Operation — December 16, 
1935 Eabj has cough and fever 102° F Right rectus incision Huge dilatation of 
stomach and duodenum appearing almost like an hour-glass stomach Deflated bj needle 



Fig 12 — Case 13 Congenital obstruction of the third part of the duodenum 
Duodenojejunostomj (antccolic) Entero tnterostoni> Recoierj 



Fig 13 — Case 13 Age sis. months Congenital obstruction of the third part of the duo 
denum Duodenojejunostomj plus entero enterostomj Recot eri Excellent health six 
months later 

and syringe through wall of stomach Duodcnojcjunosloniy December 17, 1935, death 
Temperature 106° F Pneumonia 

Case 12 — IMowcra, John, age five dajs Birth normal. Mat 25, 1938 On second 
daj began biliary vomiting Jaundice Obstipation Physiologic icterus Roentgeno- 
gram after barium showed none passed beyond dilated duodenum in seven hours Opcia- 
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iion — June 3, 1938 Duodenum dilated down to crossing of superior mesenteric vessels 
Jejunum collapsed Posfcnoj gash o-entci ostomy June 13, 1938, death Autopsy (i) 
Bionchopneumoma— all lobes (2) Icterus — neonatorum (3) Incomplete rotation of 


colon (4) Patent foramen ovale 

Case 13— Infant Corker (Fig ii), age 



Fig 14 — Case 14 Age eight days Congeii 
it'll obstrviction of the third part of the duodenum 
Duodenojejunostomj (transniesocohc) Recovei> 
Excellent health foui months after opeiatioii 


nine Noimal bath at Cook County Hos- 
pital, October 9, 1938 Weight 5 lbs , 6 
oz Breast fed On second day, began 
vi^omiting a chocolate colored, bloody ma- 
teiial Weight 4 lbs , 4 oz Convulsion 
From fifth day, aftei every nursing, biliary 
v'omitmg No tumor palpable October 



Fig is — Case 14 Age eight da>s Congen 
ital obstruction of the third part of the duodenum 
Duodenojejunostomj (transniesocohc) Recover) 
Excellent health foui months after opeiation 


1938, barium meal roentgenogram showed complete obstruction at thud part of 
duodenum, with dilatation Few flecks of barium passed after three hours Operation — 
October 18, 1938, Local anesthesia Duodenum dilated, 2 cm wide, down to ciossing of 



Fig 16 Case 14 Age eight dajs Congenital obstiuction of the third part 
of the duodenum Duodenojejunostomj (transmesocolic) Recover) Excellent 
health four months after operation 

supenoi mesenteric v'essels Jejunum size of goose-qmll Aiifccolu duodcnojcjuiiostomv 
enta o-entm ostomy Fine silk, two-row method No clamps Recovery (Figs 12 
and 13) 

Case 14— Infant Manuel (Fig 14) Born at Cook County Hospital, December 
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1938 Weight 7 lbs Biliary vomiting since birth Dehydration December 8, 1938, 
weight s lbs , 8 oz Visible epigastric peristalsis Barium meal, December 9, 1938, 
showed complete obstruction of lower duodenum, with dilatation Nothing passed after 
two hours Ope 7 ation — December 10, 1939 (age eight days) Local anesthesia Rectus 
mcisioru Dilated duodenum down to crossing of mesenteric vessels Jejunum collapsed 
Dnodcnojcjiinostoiny (transcohc) Silk, two rows Recovery (Figs 15 and 16) 

CONCLUSIONS 

(1 ) Progress in this field of suigeiy depends largely on the early diagnosis 
of the obstinctive lesion and adequate pieopeiative pieparation 

(2) The use of local anesthesia is stiongly advised 

(3) If the atiesia is in the jejunum 01 ileum simple enterostoni)'^ is useless 
Adequate exposuie and a short-ciicuitmg lateial anastomosis offeis the only 
hope of success 

(4) If the obstiLiction involves the duodenum, a gastro-entei ostomy foi 
those above the ampulla and a duodenojejunostomy foi those below the am- 
pulla are the proceduies of choice The addition of an entei o-entei ostomy 
between the affeient and effeient loops of the anastomosis, where there has 
been nan owing at the pioximal end of the sutuie line (as in my Case 13), may 
make the diffeience between success and failure 

(5) Much depends upon the technical skill of the surgeon, and the use of 
the finest sutuie mateiial is essential 

(6) All of these little patients demand the most painstaking postopei ative 
caie 


REFERENCES 

^ Calder Two Examples of Children Born with Preternatural Conformation of the 
Guts Med Essajs, Edinburgh, i, 203, 1733 

' Theremin, E Uber Cong Occlus des dunndarms Deutsch Ztschr f Chir , 8, 34, 
1877 

^ Tandler, J Zur Entwicklungs geschichte des Menschhchen Duod in fruhen Embry- 
onalstadien Morph Jahrb , 29, 187, 1902 

‘ Davis, D L , and Po^ nter, C W M Congenital Occlusions of the Intestines with 
Report of Case of Multiple Atresia of the Jejunum Surg, Gynec, and Obstet, 34. 
35. 1922 

Bland-Sutton Imperforate Ileum Am Jour Med Sci , 98, 457, 1889 

^ Pockens, P Em operatn geheilter Fall von Kongenitale Dunndarm Atresia Zentralbl 
f chir , 38, 532, 1911 

' Ernst, N P A Case of Congenital Atresia of the Duodenum Treated Successfulb' 
b\ Operation Brit kled Jour, i, 644, 1916 

® Scidlin S M Congenital Duodenal Septum with Obstruction Bull Johns Hopkins 
Hosp, 37, 328, No\ ember, 1925 

Gar\in, J \ Congenital Occlusion of the Duodenum bv a Complete Diaphragm 
-\m Jour Dis Child, 35, 109, Januara, 1928 

Denimer, Fritz Atresie Ilei — Rcscctio ilco-caecalis-Hcilung Arch f klin Chir , 

147, 471 1927 

Carter, R F Congenital Occlusion of the Duodenum and Small Intestine A Clinical 
Consideration with Report of Two Successful Cases Tour Ped , 2, 27, 1933 
ccks, A, and Delprat, G B Congenital Intestinal Obstruction Atresia of Jejunum 
Surg Clin N Amer , October, 1927 

' Higgins T T Subacute Pancreatitis Occurring in Association with Acute Intestinal 
Obstruction m a Newborn Infant Brit Jour Surg, ii, 592, 1923-1924 

600 



Volumi. 110 
IS umber 4 


BOWEL OBSTRUCTION IN NEW BORN 


Richter, H M Abt’s Pediatrics, W B Saunders, Phila , 3, 512, 1924 
Cutler, G D Cited by Clara Loitman Congenital Occlusion of the Intestine Boston 
Aled and Suig Jour, 197, 21, July, 1927 
Steward, M Cited by H C Cameron Brit Med Jour , i, 768, April 25, 1925 
Bowling, R W Complete Congenital Obstruction of Duodenum Duodeno-jejunostomj 
at Nine Days Trans New York Surg Soc, Annals of Surger\, 83, 543, 1926 
Sweet, G B , and Robertson, C A Case of Congenital Atresia of the Jejunum with 
Recovery Arch Dis Child , New Zealand, 2, 186, 1927 
Porter and Carter Cited by Claia Loitman Congenital Occlusion of the Intestine 
Boston Med and Surg Joui , 197, 21, July, 1927 
Ladd, W E Congenital Obstruction of the Duodenum in Children New England 
Jour Med , 206, 277, 1932 

Donovan, E J Congenital Atresia of the Duodenum in the Newborn Annuls or 
Surgery, 103, 455, March, 1936 

-- Morton, J J , and Jones, T B Obstruction About the Mesentery in Infants AiNnals 
OF Surgery, 104, 864, 1936 

Tallerman, K H , and Levi, D Duodenal Atresia Gastro-Enterostoray — Recoverj 
Proc Royal Soc Med , 31, 761, May, 193S 

"■* Jewesbury, R C, and Page, Max Two Cases of Duodenal Obstruction in Infants 
Treated by Operation Successfully Proc Royal College of Med , 16, 1922-1923 
-^Jackson, Reginald Congenital Constriction of Duodenum Due to an Abnoimal Fold 
of the Anterior Mesogastrium Annals of Surgery, 84, 723, November, 1926 
Davenport, G L , and Goldberg, S L Illinois Med Jour , 66, 563, December, 1934 
Stenson, Walter Duodenal Occlusion in the Newborn Am Jour Dis Child 56, 
1066, November, 1938 

Webb, C H, and Wangensteen, O H Congenital Intestinal Atresia Am Jour 
Dis Child, 41, 262, 1931 

Discussion — Dr William E Ladd (Boston) We are indebted to 
Doctor Millet foi emphasizing the point that eaily diagnosis is at least one of 
the mam factoi s for lowering the mortality m the future of these conditions 
We have been much mteiested in the subject of this papei foi a numbei of 
yeais at the Children’s Hospital, wheie we have had a model ately laige ex- 
peiience with abdominal surgery of small infants, including over 700 cases of 
congenital pyloric stenosis and 116 cases of vaiious types of congenital ob- 
stiuction of the small bowel 

It sui prises me that Doctoi Millei should have had moie cases of mtimsic 
obstruction of the duodenum than of extimsic obstiuction due to faults of 
lotation, which have been fai more common m oui clinic Doctoi Millei 
states that the clinical pictuie often simulates that of pyloiic stenosis I do 
not recall that a diffeientiation between these two conditions has been a mattei 
of difficulty In the atiesia patients the vomiting staits with the fiist feedings 
and the patient, unless relieved suigically, would be dead befoie the usual 
time for the symptoms of pyloiic stenosis to start In the midgut volvulus 
patients, the symptoms aie those of acute intestinal obstruction lathei than 
those of starvation piesented by the pjdoiic stenosis patient It is only, then, 
in the duodenal stenosis case 01 the paitial extimsic obstruction that confusion 
might arise In the case of pjdoiic stenosis the tumor can always be felt if 
the patient is properl)^ examined, while bilious vomiting is in favoi of duo- 
denal obstruction as Doctor Millei has mentioned The roentgenogram with- 
out the use of contiast media will give a definite diagnosis m the patients vith 
complete obstruction Baiium ma)'^ be used m the patients uith partial ob- 
stiuction 

Foi mtimsic atiesia of the duodenum, duodenojejunostom)' is a prefer- 
able opeiation to gastiojej unostomy, for two reasons First, it drains the duo- 
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denum better Second, it prevents neutralization of the acid secietion of the 
stomach, and consequent loss of appetite This proved very trying in one of 
our cases of gastiojej unostomy and was lelieved only after a supplementary 
duodenojejunostomy had been peifoimed In stenosis of the duodenum the 
choice of operation is less important 

For cases of extrinsic duodenal obstiuction due to faulty lotation, the 
operation first desciibed by me, in 1932, and by Morton, in 1936, is the only 
operation which has proved satisfactoiy m oui hands Theie are three essen- 
tial featuies to this operation Fust, deliveiy of the whole midgut outside the 
abdomen, second, untwisting the volvulus when piesent (it has been piesent 
m most of our cases) , and third, exposuie of the duodenum through its whole 
course 

Much progress has been made 111 the last ten yeais The prognosis de- 
pends on the condition of the patient, the condition of the bowel (whethei 
there is necrosis or peif oration), the skill of the suigeon, and the pie- and 
postopei ative care When Doctoi Miller states that only three cases of jejunal 
or ileal atiesia had been successfull)'^ opeiated upon, he must have overlooked 
some of the hteiature In 1933, I repoited three cases of my own success- 
fully operated upon, and foui from the hteratuie Since that time, we have 
had three more successful anastomoses for jejunal and ileal atiesia Again, 
Doctor Miller states that there have been only 16 cases of successful anastomo- 
sis for intrinsic duodenal obstruction As I leported seven cases of duodenal 
anastomosis successful!)'' operated upon at the Childien’s Hospital prior to 
1937. which he has not mentioned, he must have missed this article, also 
When Doctoi Miller mentions that thei e have been only six cases of extrinsic 
duodenal obstiuction relieved by operation, it is quite siirpiising 


Table 
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CONGENITAL INTRINSIC OBSTRUCTION OE DUODENUM 



Number 

Recov- 


Operation 

of Cases 

enes 

Deaths 

Jej unostomy (for feeding) 

I 

0 

I 

Postenor gastro-enterostomy 

2 

I 

I 

D uodenoj ej unostomy 

14 

7 

7 

Total 

17 

8 

9 

CONGENITAL EXTRINSIC OBSTRUCTION OF DUODENUJI 


Ladd's operation 

29 

24 

5 

Total both tvpes 

46 

32 



In the e\tnnsic type of obstruction there were four additional cases 
hich had vanous other types of operation Inch \\ ere unsuccessful 

jMorton reported nine cases in 1936 I repoited 19 in 1937, and Donovan 
12 in January, 1939 At the present time at the Children’s Hospital, t\e hate 
had SIX cases successful!) operated upon for jejunal or ileal atresia, nine for 
intrinsic duodenal obstruction, and 24 for extiinsic duodenal obstruction 
Mthough the mortalit) is still higher than it should be, the picture is not 
quite so gloom) as Doctor Miller paints it, and I think the mortalit) should be 
\ery much lower in the next few )ears than it has been in the past 

Doctor Ladd then showed se\eral slides demonstrating tlie following coii- 

ditions^^^^ Qf duodenal stenosis resulting fioin an intrinsie obstruction of the 
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thud pait of the duodenum, m which the duodenum was almost as laige as 
the stomach 

A case of paitial obstiuction due to mahotation of the gut with a vohulus 
of about 90°, which was not sufficient to inteifeie with the cii dilation Many 
of them had twisted moie than one complete ciicle, and he lecalled one which 
appealed to have had four complete turns This was leheved by the opeia- 
tion which he had desciibed, namely, of fiist untwisting the volvulus and 
then tiansfeiriiig the whole gut to the left side, exposing the duodenum 
throughout its whole couise, which allows passage of food through the duo- 
denum He felt that this was an essential pait of the operation foi mahota- 
tion The cases that had been opeiated upon by simply untwisting the vol- 
vulus have eithei all leciuied oi died In othei woids, if one omits this pait 
of the opeiation it is not successful 

A case of duodenal atiesia in which the diagnosis was made without em- 
ploying baiium With the stomach and duodenum so cleaily demonstiated, 
plus not finding any cormfied epithelium m the meconium, the diagnosis is 
absolutely positive, or as positive as any diagnosis evei is This was lelieved 
successfully by duodenojejunostomy 

The last case demonstiated was that of a thiee-day old infant who had 
vomiting fiom the fiist feeding The plain film showed an in the stomach and 
also in a loop of bowel below This was so confusing we took another film 
with the patient upside down, in the hopes that this would claiify the situa- 
tion Instead of claiifying it. howevei, it made it a little bit moie confusing 
This case was an atresia of the jejunum with an inadequate, and unattached 
mesenteiy, so that the an which was seen away down in the pelvis in the 
mveited position is the same an that was seen m the usual position of the 
stomach in the upright position At opeiation, the blind end was beginning 
to become necrotic About six oi eight inches of the jejunum was lesected, 
and a lateial anastomosis peifoinied The child had an unintei rupted con- 
valescence and was dischaiged fiom the hospital on the fouiteenth day 

Dr Edward J Donovan (New Yoik) We have been interested m this 
subject for a number of yeais, and in Januaiy of this year. Doctor McIntosh 
and I leported 20 cases of congenital duodenal obstruction from the Babies’ 
Hospital in New Yoik Since that time I have opeiated upon five additional 
cases The youngest child in this first group was 30 hours old, 111 vhom 
we found a volvulus of the small intestine with complete gangiene of the 
jejunum at that point, and nothing, of couise, could be done 

In the five cases opeiated upon since this fiist group was leported, we 
have found some very inteiestmg conditions The fiist patient was operated 
upon at the age of 24 hours This baby was born with abdominal distention , 
had bilious vomiting almost immediately, and continuously after the cord was 
tied , passed no meconium in 24 houi s At operation it was found that he had 
a volvulus of the small intestine with gangrene and perfoiation of the jejunum, 
a process that I would think probably had been going on about two or thiee 
days 

One othei case of this five, we found had an intrinsic lesion of the duo- 
denum W e found also that the stomach was on the right side , the duodenum 
on the left , the livei was 111 normal position The common bile duct passed 
into the stomach through the posterior gastric wall This baby was operated 
upon at the age of five days, and died seven days later fiom aspiration 
pneumonia 

In one othei case of this five, we had given bai mm for diagnosis and found 
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at opeiation a volvulus of the jejunum and also found that the barium had 
peifoiated the a^oIvuIus Theiefoie, I Avould like also to call attention to the 
tact that it IS veiy impoitant to be caieful about giving these babies barium 
I think Doctoi Ladd’s suggestion that you can get almost as much information 
by a plain roentgenogiam of the abdomen is vei}^ helpful It was necessary 
in this bab}^ to lesect the intestine, and the child died 

We have had a gieat many cases of volvulus of the small intestine in the 
series reported, and we feel the volvulus occuis because the cecum and ascend- 
ing colon have not attached themselves to the posterior abdominal wall The 
last stage of rotation is fixation of the ascending colon m the right lowei abdo- 
men If fixation does not take place, it leaves eveiythmg free to tuin around 
the supeiioi mesenteiy aitery We also attach the cecum and ascending colon 
to the right lowei quadrant at operation believing that this prevents recuiience 
of the volvulus 

Doctor Donovan then showed lantern slides demonstiatmg othei causes of 
congenital duodenal obstiuction such as intrinsic lesions, volvulus and fixation 
of the duodenum in abnoi mal positions He also showed slides of a case Avith 
complete reveisal of lotation and duodenal obstiuction 

Dr J Shelton Horsley (Richmond, Va ) Doubtless many infants die 
fiom this disease because it is uniecognized I have had three cases of con- 
genital occlusion of the duodenum, all of them opeiated upon AVithin the first 
seven days Two of these cases Aveie leported m the Viigmia Medical 
Monthly foi June, 1935 In two of them a posterior gastro-entei ostomy AA'-as 
peifoimed In the othei, a duodenojejunostomy Avas performed One re- 
coveied and is noAv Avell, one died of pneumonia, and one of shock foui hours 
aftei operation The diagnosis betAveen congenital pyloiic stenosis and oc- 
clusion has been cleaily explained b}^ Doctors Miller and Ladd 

So fai as I knoAv, these cases are the only ones that have been reported of 
opeiation foi congenital, complete atiesia of the duodenum m the State of 
Virginia, and all of them came from one toAvn, Newpoit News, AA'liere theie are 
some excellent pediatiicians It is not at all piobable that they are the only 
cases of this kind m Viigmia The fact is that, m all human probability, 
many of these cases are simply tieated foi impiopei feeding, the foimula 
changed, and the}^ die The moitality from this lesion must be veiy con- 
sideiable 

As Doctoi JMillei has insisted, the sutuies must be of fine material It is 
quite different fiom opeiatmg upon an adult The tissues are A^er}^ thin, and 
if the tiansveise colon is lifted up, the mesocolon is tiansparent and can be 
almost disregarded, as long as the A'^essels aie not mjuied Two tractor sutures 
of fine silk are placed betA\een the jejunum and the stomach, and aie held taut 
AMthout ail} clamps on the Avound, because they are unnecessary, are m the 
AAa}, and theie is piactically no chance of infection from the stomach or upper 
jejunum in an infant that }oung An incision is made half an inch long, and 
the posterior maigin of the stomach is sutured to the posterior margin in the 
jejunum aa ith a continuous suture of fine silk That is continued anteriorly 
and tied to the original end Anterioi ly another roAV of sutures is placed , 
that IS all that is necessaij 

Dr Phileaion E Trlesdale (Fall Rnei Mass ) It is my feeling that 
Doctoi s Miller and Ladd and a fcAA others merit the highest commendation tor 
the AA ork AA Inch thcA haA e done m this field M} interest aa as aroused during 
a Aisit to Cook CountA Hospital, Chicago six months ago I saAA Doctor 
Millei s cases m the coinalescent stage He shoAAed me the records of scAcn 
cases upon aaIucIi he opeiated successtulh 
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On Novembei 8, 1938, an infant one month old, weighing four pounds and 
ten ounces, was admitted to oui hospital It was said that the bnth weight 
was three pounds Vomiting, which occuiied daily since bnth, became moie 
fiequent The infant ivas anemic, emaciated, and dehydiated An eftoit uas 
made to establish a fluid balance, 20 cc of citiated blood in noimal salt solu- 
tion weie given intiavenously A loentgenogiam denionstiated the point of 
obstruction to be in the transveise poition of the duodenum Aftei a period 
of piepaiation on behalf of the patient, on Novembei 16, a duodenojejunos- 
tomy without the use of clamps was peifoimed My chief difficulty dining 
the operation was fiom hemoiihage It seemed to me that my hemostasis 
should have been bettei, and I was suipiised that the little patient suivived 
the opeiation To expediate the opeiation some foim of tiny intestinal clamp 
might be employed 

Last night Doctoi Wilkie and I impiovised a pan of mmiatuie clamps 
which we desciibe as the haiipin clamp It is made of two oidinaiy haiipms 
of the "bobby” type The two pins aie fastened side by side with a ligatuie 
of silk, and aie held in position by a small hemostat attached acioss the blunt 
ends of both hairpains As the pin is constiucted, the outer phalange has a 
slight but sufficient amount of piessuie to contiol bleeding The paits of the 
clamp are simple to assemble, easy to impiovise, and veiy useful in conseivmg 
the blood volume foi these feeble infants 

Dr Edwin M Miller (Chicago) I do not want to piolong this dis- 
cussion unnecessai ily but I do wish to thank those who have taken an intei est 
111 discussing this papei I also want to apologize to anybody anywheie if I 
have inadveitently overlooked some aiticle they have wiitten on this subject 

I have lead veiy caiefully, not only once but seveial times, the aiticles of 
Doctoi Ladd published in 1932 and 1937, and I have picked out fiom those 
111 which he has given details of the cases, the ones which I was suie, without 
any question of doubt, weie cases of complete obstiuction, operated upon a 
few days aftei birth We all know theie have been a laige numbei of cases 
repoited in the liteiatuie of partial obstiuction, and I have not attempted, of 
course, to include those in this senes 
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PEPTIC ULCERS PERFORATING INTO THE PANCREAS 

J Shelton Horsley, MD 
Richmond, Va 

FROM THE SURGICAL DEPARTMENT OF ST ELIZA B ETII S HOSPITAL, RICHMOND, \A 

The status of peptic ulcer of the duodenum has changed within the last 
20 years Formerly, a peptic ulcer anywhere was often considered to be a 
surgical lesion, and operations, especially posterior gastro-enterostomy, were 
the loutine therapy Lewisohn reported lecurrent ulcers, usually jejunal 
ulcers, in about 34 pei cent of the cases of gastro-enterostomy from the clinic 
with which he was associated Church and Hinton found in a study of peptic 
ulcei that aftei gastro-entei ostomy there weie numerous complaints, only 37 
per cent of the patients weie free from symptoms, and 164 pei cent had 
marginal ulcei s It is now fairly generally agieed among suigeons who have 
had much experience 111 gastric suigery that about 80 pei cent of duodenal 
peptic ulcers may be cured by propei medical treatment It has been estab- 
lished that medical treatment consists not only in diet and the administiation 
of alkalies, but in lessening woriy and neivous tension, for peptic ulcers are 
fiequently found 111 high-sti ung, nervous individuals, although occasionally 
they occui in the phlegmatic They have been found m infants 

The cases operated upon aie what might be termed lesidual cases of duo- 
denal peptic ulcer that lesist medical tieatment 01 that develop some complica- 
tion as perfoiation, repeated 01 massive hemoiihage, 01 obstruction 

Gasfiic peptic ulcei s, howevei, aie in anothei theiapeutic class, because in 
a definite pioportion of gastric peptic ulcei s cancer develops, and even if the 
ulcei IS cured the scai maj'^ lemain a point of in Ration 

A peptic ulcei that has perforated into the panel eas piesents quite a dif- 
ferent clinical and pathologic picture fioni an ulcei that has not so perforated 
It always gives a history of previous gastric disturbance, which may be long 
01 short 

Relief by food, soda 01 vomiting is not constant and theie is a sense of 
discomfort and a tenderness on piessure in the upper abdomen which was not 
jDresent befoie the peifoiation ^Vhen the peiforation actually occurs pain 
ma) be seveie 

Medical treatment aftei the peitoiation is not so effective as before the 
perforation There is also considerable danger of bleeding The vasculai 
tissues of the pancreas tend to bleed quite fieely, particularly if the perforation 
IS large, and the hemorrhage may be piofuse A posterior perforating ulcer 
of the pyloric sphincter gnes added sjmptoms of discomfort and obstruction 
because of the spasm ot the sphincter and local edema Roentgenologic exam- 
ination IS not always coiiMiicing, espccialh if the ulcei is within the giasp of 

the p) lone sphincter 

* Read before the American Surgical Aswciatinn, Hot Springs, \a Ma% ii, 12 13 
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peifoiated into the pancreas One should not be deceived, then, by an ulcei 
in the anteiioi nail of the duodenum into thinking that it is the only lesion 
After sifting the cases that aie not cuied by medical tieatment, Hinton 
lepoits on adheient posteiioi duodenal ulcei s and states that for the past four 
years and nine months the operation he has peifoimed for all duodenal ulcers 
has been a subtotal gastrectomy He emphasizes the fact that the niflam- 
matoiy lesion itself should be lemoved, and if this is done piimarily the moi- 
tality rate is louvered In 48 primary subtotal resections there weie two 
deaths, a mortality rate of 4 i per cent In 16 secondary gastric operations 
theie were five deaths, a mortality late of 31 per cent In the entire series of 
64 cases theie were seven deaths, with a mortality rate of 109 per cent 



Fig 2 — Path No 13684 J H A , ^\hlte, female, age 48 
Specimen of stomach measures 15 cm along the lesser cur\ature 
and 18 cm along the greater cur\ature At the upper posterior 
part of the duodenum is a prolongation of the duodenum which 
IS coaered with pancreatic tissue removed The insert shows the 
internal view of the ulcer which had penetrated into the pan 
creas 


CASE REPORTS 

During a peiiod of ten yeais, fiom December 31, 1928, to December 31, 
1938, I have opeiated upon 20 cases of peptic ulcer of the stomach or duo- 
denum that had peifoiated into the pancreas In all of these cases a partial 
gastiectomy uas performed in iS, by a modification of the Billroth I t}pe 
described elseuheie, in -which the upper bolder of the stomach is united to tlie 
upper border of the duodenum and the duodenum is flared open In two 
cases tins operation could not be applied, and a Hofmeister modification of 
the Billroth II t3pc was performed 

Xine of the ulcers were duodenal, nine were gastric, one was a duodenal- 
jejunal ulcer, and in one case there were botli a duodenal and a gastnc ulcer 
Fu e of the gastric ulcers w ere w ithin the grasp of the p\ lone sphincter 
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The only death in this sei les of cases was of a patient in wlioin it was im- 
possible to remove the nicer A Hofmeistei operation was performed A 
repoit of this case is as follows 

Case 2 — Path No 11695 T B B , white, male, age 39, had a history of several mas- 
sive hemorrhages from the stomach and the passage of tarry stools One hemorrhage oc- 
curred March 5, I935> and on March 22, there was another large hemorrhage An 
analysis of the gastric juice showed the HCl 56, with total acids 78 The hemoglobin 
was 25 per cent, red blood cells 1,520,000, and ivhite blood cell count 5,200 March 23, 
a partial gastrectomy was performed In the posterior wall of the duodenum there was 
an ulcer, so large that it could not be removed It began about two centimeters from the 
pylorus and penetrated into the head of the pancreas It was not bleeding then, but the 
base was necrotic It extended to a point near the ampulla of Vater The upper sides 
of the ulcer were undermined with a cautery in order to close the duodenum, and a Hof- 
meister operation (Billroth II) was performed The patient was given a transfusion of 
blood He did well for eight days, when he had a sudden attack of intense pam and his 
blood pressure sank to 70 systolic It was thought that there was a perforation He was 
given another transfusion, and under local anesthesia the abdomen was opened No 
evidence of peritonitis could be found There was a large mass about the head of the 
pancreas A jej unostomy was performed for feeding The patient died the following 
day Necropsy showed the general peritoneal cavity about normal, with no free fluid 
The suture line involving the union of the stomach and jejunum and the enterostomy 
were in good condition The lesser peritoneal cavity which had been walled-off by 
adhesions was filled with thin pus The infection probably came from the large ulcer 
through the lymphatics The ulcer involved much of the head of the pancreas In the 
center of the ulcer was a large vein, the midportion of which had been destroyed Both 
ends of the vein were occluded with a well organized thrombus The quick development 
of the infection simulated a perforation into the peritoneal cavitj 

There was one case of ulcer diathesis, in which there were recurrences after 
operations pei formed elsewhere and by me Medical treatment afforded no 
relief 

Case 3 — Path No 9247, L E , white, male, age 46, gave a history of having been 
operated upon elsewhere in 1922 , a gastro-enterostomy was performed One and one- 
half jears later, there was an excision of a recurrent ulcer and separation of adhesions 
Another operation for adhesions was performed, then a pyloroplasty, and finallj another 
gastro-enterostomy was performed He was admitted to St Elizabeth’s Hospital in 
August, 1930 Analj-^sis of the gastric juice showed HCl 55, with total acids of 67 In 
the terminal duodenum and the first part of the jejenum there was an extensive ulcer 
that had perforated into the pancreas The gastro-enterostomj was disconnected, the 
segment of affected bowel ^\as dissected from the pancreas with a cauterj, resected, and 
an end-to-end union was made with much difficultj , a partial gastrectomy of the modified 
Billroth I tjpe was then performed (Tig 3) Four dais later, because of obstruction at 
the site of the intestinal resection, a jej unostomy was performed After this, the patient 
made a fairly satisfactory recoierv and the obstruction disappeared, but six months later 
he had symptoms of a recurrent ulcer He was operated upon again There was a 
large anterior perforated ulcer invoUmg the stomach, duodenum and colon The per- 
forations w ere closed, but the patient gradually sank and died eight day s later 

This case is not the usual type of case being considered, for it was a per- 
foration of the terminal part of the duodenum along with the jejunum and it 
occurred after seieral pretious operations performed elsewdierc, hut it is in- 
cluded because the duodenum was invohed 
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These cases of ulcei diathesis aie, fortunately, rather lare, but they aie 
extremely puzzling It seems radical, but after all other means fail a total 
gastrectomy might be consideied The two cases that had lecunent symp- 
toms after paitial gastiectomy are appended 

Case 4 — Path No 12130 R E C , white, male, age 47 The patient suffered in- 
tensely The gastric juice showed HCl 18, total acids 38 January 10, 1935, a partial gas- 
trectomy was performed for a posterior perforating ulcer, which was chiefly in the duo- 
denum but extended into the grasp of the pyloric sphincter ® There was much inflammation 
and infiltration around this ulcer He made a fairly satisfactory recovery, but a few months 
later began having further symptoms, and in February, 1936, he was again operated upon 
There was an extensive inflammatory exudate about the junction of the stomach and 



Fig s — Path No 13488 R Fig 6 — R E M Posterior surface of 

E M, white, male age 41 Par tjje specimen shown in Figure S, t\ith the 

tial gastrectomy April 9, 1938 pancreatic tissue attached In the lower 

The specimen of the stomach meas portion, and just beneath the ulcer m the 

ured II cm along the lesser curva pancreas, i\ere several large vessels from 

ture and 17 cm along the greater which the hemorrhage probably came 

curvature The distal half showed 
evidence of gastritis with some 
punctate erosions In the lower 
posterior portion of the duodenum 
there was a perforating ulcer 
measuring i 25x0 75 cm which in 
volved the pancreas 

duodenum No effort was made to disturb these adhesions, but when the stomach was 
opened for a gastro-enterostomy the interior was explored with the finger An ulcer, 
apparently about two centimeters in diameter, could be palpated on the lower and some- 
what posterior portion of the stomach near the site of the previous resection There was 
a wide opening between the stomach and duodenum The ulcer did not appear to be 
malignant A posterior gastro-enterostomy w'as performed, wuth a temporary jejunostomv 
for feeding He made a satisfactory recovery Under date of April 5, 1939, he reports 
“I am entirely free from anj sj mptoms of stomach trouble w’hatsoei er ” 

Case 5 — Path No 13488 REM, white, male, age 41, had had a perforated 
duodenal ulcer from w'hich there had been two massive hemorrhages and which did not 
respond to medical treatment There had been sj mptoms for tw'o or three vears The 
patient was high-strung and nenous The gastric juice showed HQ 70, and total acids 
98 A partial gastrectomy with removal of the adherent part of the pancreas was per- 

611 




J SHELTON HORSLEY 


^nnalsofSurcen 
October losf 


formed April 9, 1938 The ulcer was m the lower, posterior portion of the duodenum and 
measured i 25x0 75 cm There was gastritis with a few punctate erosions in the pyloric 
portion of the stomach (Figs 5 and 6) The patient made a satisfactory recovery and 
was well for a while, but the discomfort recurred, though there was no further hemor- 
rhage and the symptoms were not so severe as before the operation He was again 
operated upon November 10, 1938 There was extensive reaction about the site of the 
anastomosis of the stomach and duodenum The stomach was drawn up high and was 
rather small A posterior gastro-enterostomy was performed Exploration of the pyloric 
end of the stomach could not be made, but from the surrounding inflammation and exu- 
date, it seems probable that he had a recurrent ulcer He reported in April, 1939, that 
he IS now symptom-free 

In these two cases of failure to peimanently relieve the clinical symptoms, 
apparent cure has been obtained by a secondaiy operation of gastro-enteros- 
tomy Both of these patients were nervous and high-strung men, a type apt 
to have a recurrence of ulcer after any gastric operation It would seem better 
to have performed a primary partial gastrectomy, by which the patient was 
temporarily relieved, and a gasti o-enterostomy later, than to have performed 



Vic 7 — Pith Vo 12S31 A \ H wh te male age 32 Operation April 27 
1937 Specimen of the stomach measured i 6 cm along the lesser curaature and 25 cm 
dong the greater curaature On the posterior surface of the stomach near the p>loric 
sphincter aaas some adherent pancreatic tissue aaliich aaas dissected off aaith the cautcra 
The stomach shoaaed eaidence of gastritis and there aaas 1 pouch, probably resulting 
from a preceding paloroplasta There aacre taao peptic ulcers one in the stomach and 
one in the duodenum 

.1 priniar} gastro-enterostoiii} , with the probability m these two cases of a 
secondary jejunal iilcei which w^ould involve the more difficult sulisequent 
procedure of taking dowm the gastro-entei ostomy and resecting the stomach 
There are two patients who may be classed as improved but not cured b\ 
the partial gastrectomj 

Case 6 — Path No 121831 A. \ H white male, age 52, was operated upon June 
30, 1928 A gastro-cnterostom\ , which had been performed elsewhere six jears pre- 
MOiish, was disconnected, and a piloroplastv was performed The patient did hirh well 
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for seven years, then he had a lesion about the pyloric portion of the stomach The gastric 
juice showed HCl 37, total acids 57 A partial gastrectomy was performed, April 27, 
1937 There were two peptic ulcers, one m the stomach and one m the duodenum Both 
had perfoiated into the pancieas, and in both theie was a base of pancreatic tissue at- 
tached to the specimen (Fig 7) He reports now that he is bettei, though he still has 
some gastric symptoms, but is “taking life easy” and is fairlj comfortable 

Case 7 — Path No 13512 V C T , white, male, age 51, had a large ulcer of the 
pyloric portion of the stomach penetrating into the pancreas The gastric juice showed 
HCl 50, and total acids 60 He made a satisfactory lecovery from a paitial gastrectonn 
performed April 22, 1938, but at present states he has gastric symptoms, unless he ad- 



Fig 8 — Path No 11993 DNS white male age 50 Partial gastrectom> 
December 19, 1938 Specimen of the stomach measured 6 cm along the lesser cum 
ture and 16 cm along the greatei curvature On section there was a deeph pcrforat 
ing ulcer m the upper posteuor part of the ojlonc sphincter, more on the stomach side 
than on the duodenal It measured o 5x1 cm Attached postenorlj, was a segment of 
pancreatic tissue into which the ulcer had perforated The patient reported April 3, 

1939, that he was free from simptoms and “feeling better than I haie felt for a long 
time ” 

heres closely to an ulcer diet He maj' be classed as improved In his historj, taken be- 
fore the operation, the following significant paragraph appears “He has a!wa\s been a 
gluttonous type of eater, and tells of eating as manj as 10 or 12 biscuits at a meal, of 
drinking rather heavih at times in the past, and other such severe insults to his gastro- 
intestinal tract ” 

An ulcer of the stomach peiforating into the pancreas nia} resemble a 
peptic ulcer chmcall}'' and even in gross appearance and }et be malignant 
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Case 8 — Path No 10792 C G W , white, male, age 31, had high acid values m 
the gastric juice (HCl 74 and total acids 86), and marked gastric symptoms A partial 
gastrectomy showed two ulcers in the pyloric portion of the stomach , one had perforated 
into the pancreas Grossly, they resembled very closely peptic ulcers, but microscopically, 
they proved to be small cell carcinoma There was a recurrence of extensive carcinoma 
and death within nine months 



UrTa*'nP 


Fig 9 — N S Posterior 
surface of specimen shown in Fig 
ure 8 Mith the pancreatic tissue 
attached 


In addition to the cases herewith lepoited, in which a peptic ulcer pei- 
forating into the pancreas was demonstrated in the specimen removed, there 
were three patients with what appeared to be a duodenal ulcer perforating 
into the pancreas upon whom a postenoi gasti o-enterostomy was pel formed 
after loosely tying off the pyloric end of the stomach These patients re- 
covered satisfactorily There were dense ad- 
hesions Avith an extensive exudate into the sur- 
rounding tissues, and the duodenum was fixed to 
the pancreas Howevei, this marked inflamma- 
tory reaction may have been from an accompany- 
ing duodenitis The tissues were so welded 
togethei by firm lymphatic exudate that partial 
gastrectomy would have been unduly dangerous 
As these lesions could not be demonstrated to be 
posterior peiforating ulcers, they are not included 
in this list 

The intense reaction m such instances would 
seem, too, to indicate a high resistance and a prob- 
ability of recovery if some help is afforded by diversion of the gastric contents 
and by giving the tissues rest by ligating the pyloric end of the stomach just 
tightly enough to occlude without sti angulation Doubtless, the chronic cases, 
in which the lesion remains, have not sufficient resistance for healing, and it 
becomes necessary to remove the lesion (Table I) 

Ti eatment — The technic used in all but two of these cases is essentially 
the same as that previously described m several publications It is a modifica- 
tion of the Billroth I type of operation m wdiich the lesser curvature of the 
stomach is aligned to the upper border of the duodenum, and the duodenum is 
flared open to prevent obstruction How-ever, the pi ocedtire has to be altered 
somewhat in individual cases After dividing and tying the segments of the 
gastrocolic omentum from the point of the proposed resection to the pylorus, 
and the vessels along the lesser cur\ature in the gastrohepatic omentum, the 
portion of the stomach to be removed remains attached only by its tw'o ends 
and by the adherent ulcer Twm Payr clamps are placed on the body of the 
stomach, which is dnided betw^een them with an electric cautery Usually the 
lesion A\ ill prevent the placing of a clamp on the duodenum The stomach is 
then lifted up, and, with a ^er) hot electric cautery, the adherent pancreas is 
shaved off as a thin slice, care being taken not to open the ulcer This can 
best be done by approaching the adherent region carefully and freeing it to 
some extent on each side Too much of the pancreas should not be removed 
(Fig 10) If the ulcer is accidentalh opened the opening is plugged with 
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w et gauze oi the finger is inserted into it Then, with tension on the stomach, 
the lest of the adherent stiip of pancreas is cut off If the cautery is quite hot 
and the stomach is lifted up, a thin slice of the pancreas can be quickly re- 
mo\ed without burning one’s fingei If the ulcer is in the stomach, after 
freeing it, the duodenum is separated fiom the pancieas and cut across with 
the cautery, catching the margins of the duodenum as the incision is made 
The duodenal contents aie lemoved with a suction apparatus and a sponge 
moistened uith salt solution is gently placed in the duodenum If the per- 
foration IS from a duodenal ulcei, the base of the ulcei is shaved off in a 
similar i\ay The opeiation heie is somewhat more difficult because of the 
shoitness of the stump of the duodenum, hut this technic can be cained out. 



piobahh more satisfactoi ilj^, m these cases than the Bilhoth II type of partial 
gastrectonn if the ulcei is lemoved because with a veiy short stump of the 
duodenum lesulting from the excision of the ulcei ated area it becomes dif- 
ficult to close the stump of the duodenum effectively If there is back pies- 
sure Minch occurs not infiequently aftei the Billroth II opeiation, a duodenal 
fistula mai lesult, uhereas in this type of opeiation the posteiior M^all of the 
slump of the stomach is tucked in by the short posterioi M^all of the stump of 
the duodemim and sutuied This makes the situation in this region compara- 
tncK safe because the wound in the pancieas has been made with the cauter} 
and IS sterile and the peritoneum on the posteiior surface of the stomach wall 
rcadii\ unite to the short postcnoi stump of the duodenum and the denuded 
pancreas Then too this sutured area is over the solid surface of the pan- 
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cieas, and if theie is not an accuiate healing at this point the chaned and 
steiile pancreatic wound will act as a bumper of safety 
A Stab W oimd Gasti ostomy — To give the stomach postopeiative icsl it is 
essential that the contents of the stomach be lemoved and dilatation pi evented, 
which is usually accomplished by the insertion of a Jutte oi Levine tube into 
the stomach through the nose In some patients the piesence of the tube is 
quite a nuisance If it stays m constantly foi a few days it often nutates the 



Fig II — The first stage of a tube gastrostomy After uniting the posterior margin of the stump 
of the stomach to the posterior margin of the stump of the duodenum, i sharp htniostat is tlirusl 
through the anterior wall of the stomach near the greater cun ature It grasps the end of a soft rubbi i 
catheter in which there is an additional perforation, and draws it into the stomach The catheter iiiai 
he introduced through a stab wound to the left of the incision before fins is done, or it maj be clamped 
at its middle and after being drawn into the stomach the butt end can be carried through a stab \ ound 
111 the abdominal wall after the stomach and duodenum have been sutured together 

(A) After drawing about three inches of the catheter into the stomach the catheter is fastened to 
the stomach with a single suture of fine chiomic catgut, and a purse string suture is placed around the 
catheter 

(B) The stomach is being pulled snugly to the anterior panctal peritoneum A few sutures of 
fine chromic catgut are placed, after which a tag of omental fat is fastened around the lube 

nose and throat, and if it has to be inserted every few hours, the repeated in- 
sertions aie even moie disagreeable than having the tube remain Recenth 
I have employed a gasti ostomy, which is much inoie comfortable to the patient 
and more efficient foi diamage than the nasal tube This is done as follows 

Aftei the posterior low’’ of sutuies uniting the stomach to the duodenum 
IS placed, a sharp-pointed hemostat is thrust (directly, not obhqueh ) through 
the stomach from within outwaid at a point on its antenor wall near the 
gieatei cuivatuie, wheie the stomach can be easily brought into contact with 
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the abdominal wall A soft lubber cathetei, No i8, in winch an additional 
perforation has been made near the end, and which is clamped at its middle, is 
caught with the hemostat and drawn into the stomach (Fig ii) After 
three or four inches of the cathetei are within the stomach, the catheter is 
fastened to the gastiic wall by a suture of fine chromic catgut and a purse- 
strmg suture of chromic catgut is placed aiound it The butt of the catheter 
IS drawn through a stab wound in the abdominal wall, and then clamped, and 
the clamp on its middle is removed The catheter is gently pulled upon until 
the stomach is m contact with the parietal peritoneum Sutures of fine 
chiomic catgut are placed between the stomach and the parietal peritoneum 
and some omental fat is brought aiound this point of contact (Fig iiB) The 
fat not only adds to the security of the punctured wound, but may prevent a 
subsequent tight adhesion 

By this method the musculai layeis of the stomach aie not cut, as would 
occur if a knife were used to make the puncture, then fibers are meiely 
pushed apart as are the musculai bundles of the abdomen in making a Mc- 
Burney incision The catheter fits in snugly, and there is usually no leakage 
after the catheter has been i emoved 

CONCLUSIONS 

Theie seems to be some dangei of rather extensive pancreatitis fiom an 
ulcer that has perforated into the pancieas With the base of the ulcer con- 
sisting of panel eatic tissue, if the opeiation is delayed too long it may well be 
that the lesidual pancreatitis will not cleai up promptly 

The advantages of this piocedure are that The ulcer is i emoved along 
with the supeificially infected portion of the pancreas, the stomach empties 
physiologically into the duodenum, which is more resistant to the gastric juice 
than the jejunum, the region of trauma is limited to one field, and if there is 
a lecurient ulcei a posteiioi gasti o-entei ostomy can readily be performed A 
piimary gasti o-entei ostomy, which leaves this lesion in situ, does not appear 
to be logical, though theie may be ciicumstances m which it is the only opera- 
tion indicated, as when the reaction around the ulcer is extensive 

The mortality late should not be gieat In these patients, in which this 
type of opeiation has been performed, theie has been no operative death The 
only death following opeiation was in a patient in whom this proceduie was 
not possible because of the extent of the ulcer The ulcei could not be excised, 
and the Hofmeister-Billioth II t)pe of operation had to be performed 

A simple method of making a gastrostomj to substitute foi using the nasal 

tube is described 
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Discussion — Dr John M T Finney, Jr (Balliinoie, Md ) I feel that 
theie are two points in stomach suigeiy which Doctoi Hoisley’s pioceduic 
calls to oui attention immediately The fiist is the now piett)’- Yell lecogmzcd 
principle of the necessity of resection of the stomach m these cases of nlcci 
perfoiatmg into the head of the pancieas, the necessity lesting piincipally on 
the contiol of hemoiihage 

It has been shown by a gieat many people that because of the location of 
the mam vessels in the blood supply to the pyloius and the uppei duodenum, 
these ulcers peifoiatmg into the head of the pancieas aie pi one to hemoiihage, 
and hemoirhage of seveie piopoitions, and that it is almost impossible to 
obliteiate these vessels, to pioperly tie them and contiol the hemoiihage 
theieby, unless one lesects the stomach 

Of course the lesection of the stomach accomplishes anothei thing, also, 
and that is, providing the resection is extensive enough, the lemoval of a 
sufficient quantity of the acid bearing aiea of the stomach to materially i educe 
the free acid aftei the opeiation and theieb)'- contiol, at least to a ceilam extent, 
the recuiience of marginal ulceis following the lesection 

The second principle is, I think, piobably much moie debatable than the 
first What type of anastomosis one is going to peiform following the lescc- 
tion We feel, as does Doctoi Hoisley, that, wheie it is possible to maintain 
the normal anatomicophysiologic basis, anastomosis of stomach to duodenum, 
it is much moie pieferable than the anastomosis of stump of stomach to 
jejunum This is not always possible, but udieie it is possible, I feel, as I 
am sure Doctor Horsley does, that one can i educe materially the incidence of 
postopeiative maiginal ulceiation 

I do not altogethei agiee wnth Doctor Hoisley on the method of this anas- 
tomosis Peisonally, I much piefei an end-to-side anastomosis into the stump 
of the duodenum, having closed the stump, than the end-to-end of the Billroth 
I proceduie I think it is pieferable because it does not have the tendency to 
constiiction at the site of anastomosis, and one is not limited by the diametci 
of the stump of the duodenum in the size of that anastomosis 

By having a laiger anastomosis, one accomplishes two things Fust, it 
lemoves the possibility of futuie obstiuction oi interference wuth proper emp- 
tying of the stomach , and secondly, by getting quite a wude anastomotic open- 
ing, one insures the rapid neuti alization of such gastiic acidit} as is left In 
immediate mixing wnth the alkaline duodenal contents This we feel can be 
bettei accomplished by putting the cut end of the stomach into the side of 
the duodenum wdieie one is not limited m any way by the diameter of the 
duodenum 

As foi the type of gastrostoni) which Doctor Hoisley has described, I 
have had no expeiience wdiatevei It does seem that it possibh offers a %cry 
useful adjunct at tunes when one has a patient where it is reasonable to sup- 
pose he 01 she w ill not tolei ate the use of a nasal tube postoperatn eh 
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Dr Frank H Lahey (Boston) While this ulcer problem has been quite 
well threshed ovei, we all ought to relate our expeiiences with it because it is 
still an unsettled one It is very evident that operative procedures foi ulcer 
aie by no means standardized First of all, I do not think that So per cent of 
these patients get well with medical treatment 

I dislike to speak of figures, but they must be mentioned We have now 
3>5oo patients with ulcers m bed under bad management Only 8 
per cent of the patients with duodenal ulcer have been operated upon, and 
only 23 per cent of those with gastric ulcer, but all the others are not ’well 
On the other hand, they are not sufficiently ill so that they need to have an 
opeiation and subtotal gastrectomy 

As to the problem of surgical management, I disagree definitely with any 
procedure which may incline one to make anything but radical lemovals of 
large portions of the stomach in patients who have had repeated hemonhages 
01 who possess the other features of failuie under medical measures Any 
piocedure, such as the Billroth I opeiation, that attempts to attach a short 
stump of the stomach to the fixed duodeum will veiy definitely incline one to 
make inadequate gastric lesections We are, therefore, not interested in any 
type of piocedure of dumping gastric contents into the duodenum at the ex- 
pense of radical lemoval of laige parts of the stomach 

There are one 01 two other points, based upon our experience representing 
now something over 200 subtotal gastrectomies for ulcer An important 
point, I think, m the management of duodenal ulcers is first to settle the re- 
lation of the ulcer to the common bile duct I know nothing that has been 
more distressing to me than to resect the poition of the duodenum containing 
the ulcer and then find I did not have enough duodenum left to satisfactorily 
and safely close it 

The othei point that I wish to make is that we now have performed the 
Finsterer lesection by exclusion opeiation in 20 cases This consists of leav- 
ing the ulcer when it is not one in which recent hemorrhage has occuned, 
turning the end of the stomach in pioximal to the pylorus, then performing 
a high gastric resection The end-iesults of these followed cases have been 
just as satisfactoiy as have been the cases m which subtotal gastrectomy to- 
gethei with removal of the ulcei -bearing duodenum has been pei formed 
One other fact is that when you attempt to perform subtotal gastiectomy 
with clamps, you will be limited in the height of the resection When j'ou 
undeitake them without clamps, you can resect them as high as you want to 

Dr Roscoe R Graham (Toronto, Canada) I should like to ask Doctoi 
Horsley if he has had any pancreatic fistulae follow in these cases We have 
had expeiiences that aie at vaiiance with his In a group of cases, when a 
portion of pancreatic tissue was resected togethei with the ulcer, the con- 
valescence was complicated too often by a pancreatitis, which in one instance 
proved fatal In a second group of cases, when we have interfered with the 
pancreas when a penetrating posterior wall duodenal ulcer was present, and 
then lestored the continuity of the gastro-intestinal tract by an end-to-end 
anastomosis of stomach to duodenum, we had, in two such cases, within three 
months, a recurrence of ulcer at the line of anastomosis We, therefore, now 
never establish continuity of the gasti o-mtestinal tract following an operation 
for duodenal ulcer unless we have been able to remove all evidence of local 
patholog)" In view of the fact that we believe surgical procedures, and par- 
ticularly gastrectomy, are contraindicated except in complicated duodenal ul- 
cers, it becomes obvious that it is rarely possible to carry out this procedure 
With adequate preoperative preparation by means of an indwelling duo- 
denal tube over a period ranging from tw o to three w eeks, w e believe that the 
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iisk of opening the pioximal gastro-intestmal tiact is not gieat Tins is based 
upon the fact that lepeated lavage deci eases the associated penduodenal edema 
which involves not only the pancieas, but othei penduodenal tissues With 
this belief, we pinch off the duodenum fiom the ulcei base, which is left in <;iiv 
on the pancieas, and is exteriorized by closing the duodenum and then tinning 
the closed end into the ulcer base, wheie it is held by intenupted silk sutuies 
This, in our hands, has obviated the postopei ati\ e complications of pancieatitis 

I should like again to emphasize the point w Inch Doctoi Lahey has made, 
that theie veiy raiely is an)'- indication foi an opeiation foi duodenal ulcei 
which is combined with lestoiation of the gasti o-mtestinal tiact in continuit), 
not for the reason which he stated, that it is impossible to pei foi ni a sufficiently 
adequate resection, as we believe tins is possible, and we piactice it in the 
gastric ulcei s, but because m our expeiience the incidence of lecuirmg ulcei 
at the site of the anastomosis is high We aie convinced in such cases that a 
ladical subtotal gastrectomy, with lemoval of the entiie lessei cuivatuie, vlnch 
IS readily accomplished with the use of a Schoemakei clamp, offeis the giealest 
safeguard foi the patient’s future 

Dr J Shelton Horsley (closing) Some of the objections made haic 
been dealt with in the papei It was too long to i ead all of it 

In regal d to Doctoi Finney’s prefeience foi the end-to-end method. I mil 
say that in peiforatmg duodenal ulcei s it is necessaiy to close the stump if 
an end-to-side of the stomach to the duodenum is done If theie is a duodenal 
perfoiatmg ulcei shaved fiom the pancieas, the stump of the duodenum is 
very shoit and the closuie of the stump of the duodenum to make an end-to- 
side union is somewhat of a pioblem If the duodenum is flared open bv an 
incision as shown m the illustiation. theie is veiy little dangei of consliiction 
and the duodenum can be sutuied to the stomach aftei bunging the posteiioi 
wall of the stomach, coveied with peiitoneum, ovei to the short stum]) of the 
duodenum and tucking it in If the sutuie does happen to leak, theie is a pos- 
teiioi solid wall of panel eatic tissue, made steiile by the cauteiy 

If theie is a lecunent ulcei — in two of these cases I have had to do this — 
a posterior gastro-enterostomy is a much simpler proceduie than peifoimmg 
a posteiioi gasti o-entei ostomy fiist, having a lecuiient ulcei, and then dis- 
connecting it and peifoimmg a paitial gasti ectomy 

As to the union of the stump of the stomach to the jejunum, m many of 
these cases theie is a tendency to lecuiience, and the faither down in the 
intestinal tiact, the moie sensitive is the mucosa to the acid of the stomach 
Paiticulaily m the type of case that suffers a gieat deal of discomfoit, it 
seems to be much better to do wdiat might be called a physiologic method b\ 
uniting the stump of the stomach to the stump of the duodenum along the 
lesser cuivatuie and if theie is a lecuiience, it can be tieated moie sim])l\ 
latei on by gasti o-entei ostomy 

As to the question of Doctoi Giaham, I ha\e nevei had a panel cade fistula 
m any of these cases Remembei that this is shaving off a very thin slice of 
adheient jDancreas with the hot cauteiy As to Icaimg the ulcei and jicifoim- 
ing a paitial gasti ectomy by the Finstcrer method, of course man) of these 
patients get w'ell, but, aftei all, in the long lun it seems better to follow plnsio- 
logic lines and remoie the infected ulcer than to lea\e it and unite the stomach 
to the jejunum 

If you leave a focus of infection, which the peifoiating ulcei is }ou aFo 
leave a pancieatitis. which may extend and later the patient ma) be afiected b\ 
this septic focus that you puiposeh left behind 
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LATERAL GASTROBUODENOSTOMY IN CERTAIN CASES 
OF DUODENAL AND RECURRING ULCER* 

Verne C Hunt, MD 
Los Angeles, Calif 

Graham, among otheis, has directed attention to the many factors which 
require due considei ation in the selection of the surgical procedure for ulcer 
which may be best suited in the individual instance He said “The patient 
who accepts opei ation expects lecoveiy from the opei ation, relief from the 
symptoms, security against recurience, and restored economic efficiency In 
order to achieve this desired result, the surgeon in detei mining the correct 
operative pioceduie must take into considei ation the site of the ulcei, the 
character of the lesion, the associated physiologic distuibances, the result of 
the biochemical distuibances, and the age of the patient” 

The vaiiety of operative proceduies which may be instituted in the surgical 
tieatment of ulcer piovides oppoituiiity to achieve the desired result in a high 
peicentage of instances, but for these lesuits to be achieved requiies versatility 
on the part of the surgeon While a particular piocedure may he executed 
upon many patients with ulcer, in uhom the various factois approximate 
similaiity, dissimilarity occuis so frequently that one must be piepared to 
select and execute that opei ation which most iieaily accomplishes the purpose 
of surgical treatment in the paiticular instance 

It is not my intention at this time to discuss the lelative merits of the 
various opeiations foi duodenal and recunent postoperative ulcers, suffice it 
to reiterate that no single opei ation is applicable in all instances of either type 
of ulcer Broadly considei ed, the medical and surgical tieatment of ulcer is 
directed towaid control of gastric acidity and gastric secretion Surgically, 
this ma)’’ be accomplished either through neutralization and dilution by con- 
seivative opeiations, oi through quantitative reduction of gastric acidity by 
paitial gastiectomy Even fiom a conservative viewpoint, a radical, partial 
gastiectomy may be and often is the operation of choice in certain cases of 
duodenal ulcei, paiticularly in those fiom which one or more massive hemor- 
rhages have occuired, and in many cases of postoperative lecurrent ulcei 
Also, fiom a less conseivative viewpoint, the magnitude of a partial gastrec- 
toni}^ may be, and not infiequently is, too great under certain circumstances 
when an opportunity is provided foi the selection of a less drastic surgical 
procedure wdiich may still accomplish the puipose of an operation with a 
minimum risk The object of this discussion is to again direct attention to 
the merits of an opei ation wdnch seems to justify its employment more often 
than it has been emplo} ed in the past 

The operation of lateral gastioduodenostoiu} is not new m principle, but 

* Read before the American Surgical Association, Hot Springs, Va, Maj ii, 

13, 1939 
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ceitaiu impoitant details of lecent contnbution aid mateiially in the cxecutiuii 
of the opeiation and enhance the immediate and late lesiilt In 1892 Jahonla} 
suggested, and, m 1894 fiist peifoimed a gasti odnodenostoni) as an anastomo- 
sis between the uppei poition of the second 01 descending poilion ol tlie 
duodenum with the anteiioi wall of the stomach The duodenum was not 
mobilized, but the stomach was diawn ovei and sutuied to it Expeiiences 
wuth the opeiation of gasti odiiodenostomy have been lepoited h} Kochei 
Moymhan, Balfom , Wilkie, Reinhoff, Clute and othei s J M T Finnc},Si, 
was pel haps the fiist to mobilize the entiie fiist pait and uppci half of the 
second poition of the duodenum It is of mteiest that as he, the oiiginatoi of 
the Finney pyloi oplasty, and J M T Fmne}, Ji , have had an inci easing 
experience with the opeiation of pyloi oplasty they have extended the incisions 
in both the stomach and the duodenum, thus pioviding a laige stoma between 
the stomach and duodenum In so doing, they have made duodenal content 
of a maximal degiee of alkalinity available foi neutiahzation 01 dilution of 
gasti ic content, at a level fi om wdnch 1 eflux of duodenal content into the stom- 
ach can leadily occui In othei wmids, the opeiation of pyloi oplasty has been 
extended to embiace the advantages of lateial gasti odiiodenostomy Because 
the scope of the opeiation has been enlaiged to include moie of the stomach 
and the duodenum than the original pioceduie, it may haidly be consideied a 
tiue pyloi oplasty, and is best designated by the lecently applied teim, gasti o- 
pyloi oduodenostomy 

Physwlogtc Pi maples — Many obseiveis agiee that the 1 eduction of gasti ic 
acidity, when it occui s following the conservative operations foi duodenal 
ulcei, is due chiefly to an admixtuie of duodenal content with that of the 
stomach, and that perhaps most of the 1 eduction of gasti ic acidit}’’ occui s 
thiough dilution instead of neutiahzation In my owui expeiience, the vaiious 
types of pyloroplasty 01 opeiations confined to the p)loius, fiist poition of the 
duodenum and the piepyloiic poition of the stomach, have been follow'ed bi 
results incompaiable to those follownng piactically all othei t}pes of opeia- 
tion instituted m the tieatnient of duodenal nlcei, and as a consequence have 
been abandoned Most of the unsatisfactoi y lesults which follow' opeiations 
upon the pyloi us embiacing division of or excision of a majoi portion of the 
pyloric muscle, w'lth 01 without excision of the duodenal ulcei , have been due 
eithei to leactivation of a peisisting ulcei in the posteiior w'all of the duo- 
denum or to lecuiience of an ulcei m the sutuie line of the p\loioplasl} 
In retiospect, this is as might be expected The alkahnit} of the duodenal 
content in the supiapapillaiy and m the subpapillari portions of the duo- 
denum is not equal nor of the same degiee Theie is also consideiablc c\i- 
deiice w Inch tends to suppoi t the idea that the i eaction of the duodenal content 
in the fiist poition of the duodenum, particularly in patients who harbor an 
ulcer, IS on tbe acid side lathei than on tbe alkaline side Furtbciinore that 
actual 1 egurgitation of duodenal contents tbrough a peimanenth abobslud 
pyloi 1C muscle in amounts sufficient to pioiide much diluent or neutrali/nig 
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effect, or that regurgitation occuis at all, have not been fiimly established 
The sum total of gastro-intestinal motility is downwaid and not upward 
Considerable evidence is at hand to indicate that marked reduction in gastric 
acidity results when an admixture of duodenal and gastric contents occurs 
through a downstieam by-pass and that little if any reduction results when 
such an admixture is dependent upon upstieam i egurgitation Hill, Henrich 
and Wilhelmj, in a study of the changes in the gastric acidity in the experi- 
mental animal produced by various operations on the stomach, stated that 
after a Heineke-Mikuhcz type of pyloroplasty the acid curve is almost the 
same as that m a normal dog, that after gastiojej unostomy the reduction in 
acidity IS stiikmg, and that after gastroduodenostomy the reduction is even 
moie marked Fundamentally, it would seem that the various operations 
designated as pyloioplasty fail to embrace the important piinciple in the 
suigical treatment of duodenal ulcer, namely, the control of gastric acidity 
and gastric secretion eithei through dilution and neutralization or through 
quantitative reduction 

Posteiior gastro-enterostomy has been, and still remains, an operation of 
choice in many cases of duodenal ulcer, and when accurately executed in 
carefully selected cases it is followed by excellent results Only one discon- 
certing factor — maiginal or jejunal ulcer of variable incidence — ^limits its gen- 
eral usefulness It is well known that the intestinal mucosa possesses or lacks 
(depending upon the segment) resistance to ulceration, and that perhaps the 
maximum degree of resistance exists in the second and third anatomic portions 
of the duodenum Whethei oi not this is due to true inherent resistance in the 
mucosa or whether it is the result of the piotection afforded the mucosa in 
these sections by the alkaline bile and pancreatic secretions remains a ques- 
tion Without here presenting the evidence, the lattei seems more probable 
At any rate, it is now i ecognized that the degree of alkalinity of the duodenum 
IS highest at the level and immediately below the papilla of Vater, as the re- 
sult of the outpouring into the duodenum of bile and pancreatic secretion 
While maiginal, gastrojejunal or jejunal ulcer occurs with a variable fre- 
quency following posteiior gastro-enterostomy, ulceration in or about the 
stoma of a lateral gastroduodenostomy seldom if ever occurs Finney has 
said that an anastomotic ulcer does not follow , Flint, in his wide experience 
with the operation, has not seen an ulcer in the stoma of a gastroduoden- 
ostomy , W ilkie had two cases of stomal ulcer in his experience In view of the 
physiologic processes concerned, lateral gastroduodenostomy should provide 
greater assurance against the development of an anastomotic ulcer than any 
other type of gastro-intestinal anastomosis excepting the Haberer end-to-sidc 
gastroduodenal anastomosis It seems most probable that the greatest degree 
of dilution and neutralization of gastric acidity by duodenal contents is pos- 
sible through a stoma at oi just below the duodenal source of the diluent and 
neutralizing agents, bile and pancreatic secretions Furthermore, it seems 
entirely logical that the mixing of duodenal contents of a maximum degree 
of alkalinity u ith gastric secretions at this level provides dilution and neutrali- 
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zation at the proper time and place to be most eftectne The cvpenmental 
woik of Giaves and that of McCann suggests at least that the eflectl\cnc‘^s of 
duodenal alkaline secietion upon gastiic acidit}' is gieatci when it is enijiticd 
into the stomach dowmstieam oi into the piepyloric aiea than when it is 
diverted upstieam into the fundus of the stomach 

Apphcabihty of Lateral Gash odnodeiwsfomy — Ccitain limitations in the 
applicability of lateral gastroduodenostoniy exist and foi the most pait these 
aie dependent upon anatomic lelations and the mobilization of the duodenum 
There are no true anatomic baiiieis to fiee mobilization of the thud and 



Tic I — The filinj reflection of the peritoneum is dnided HtenI to the duodcmim itJuch 
illons elevation of the duodenum from its retroperitoneal position 


fouith poitions of the duodenum except the superior mesenteiic aitery and 
vein wdiich can be accurately visualized and pieseived In 1932, Reinhoft 
described an infiapapillaiy gastroduodenostoniy and stated that he had suc- 
cessfully operated upon 13 cases of chionic peptic ulcer by this method, with 
excellent results His proceduie facilitates anastomosis of the thud jiortion 
of the duodenum wnth the antrum of the stomach through mobili/ation of 
the entire duodenum, including its fourth portion to and be\ond the ligament 
of Tieitz In my own experience, such extensne mobilization has not bcdi 
necessary The filmy reflection of peritoneum oeerhing the duodenum i^ 
leadily divided, thus facilitating the eleeation of the duodenum from its re- 
tioperitoneal position for a liberal anastomosis without angulation (Fig i ) 
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Clute and Sprague have lecently illustiated methods by vhicli angulation ma) 
be avoided 

During the past few yeais lateral gasti oduodenostomy has been employed 
in 22 cases, noth no deaths and but few instances of temporar}^ gastric reten- 
tion, and has been followed by excellent lesults In 13 cases, the operation 
was readily applicable as a primary operation of choice foi duodenal ulcer in 
which either posterior gastro-entei ostomy or partial gastrectomy could have 
been performed In nine cases, a previous gastro-enterostomy had been fol- 



riG 2 — Mobilization of the duodenum facilitates its approximation to the antrum of 
the stomach nithout angulation or undue tension 


lowed b)' maigmal or jejunal ulcer and instead of peifoimmg a partial gas- 
trectomy the gastrojejunal anastomosis w'as taken dowm the marginal or 
jejunal ulcei w^as excised and a lateral gastroduodenostomy w^as employed A 
gastrojejunocolic fistula existed in two cases The satisfactory results wdiich 
followed in these cases justify conservative surgical j^rocedures in many cases 
in preference to radical partial gastrectomy Snell has directed attention to 
the element of mechanical difficult}’- as the result of defoimity of the pyloric 
outlet produced b} the operation of lateral gastroduodenostoni} Judging 
from m} experience, tlie amount of such deformit} is dependent upon how 
thorough!) the duodenum is mobilized Worthy of emphasis is the fact that 

626 




^ oUimc 110 
^ limber 4 


L'\TERAL GASTRODUODENOSTOMY 


in perfonning a lateial gasti oduodenostomy it is necessau that the duodenum 
be earned ovei to the stomach instead of the stomach being diai\n o\ci to 
the duodenum (Figs 2 and 3) The opeiation is not applicable in all case'', 
by virtue of anatomic lelationship vaiiations, and should not be foiced when 
defoimity of the pyloiic outlet 01 angulation of the duodenum below the ana''- 
tomosis is likely to lesult 



Tic 3 — The ^msfoIllosl'; is in-wie without cHnips on either the stonnch or the 

diiodciiuiii 

To those suigeons who ha\e abandoned gasti o-entei ostomy for duodenal 
ulcei 01 wdio employ the piocedure with misguing on account of the ^anabl( 
fiequency with which in then expeiience maigmal ulcer eithei as tuie gasti fi- 
jejunal 01 jejunal ulcer has occuiied, lateial subpjloric gastroduodenostoni} 
111 ceitam cases should appeal To those who aie not wholehearicdl} com- 
mitted to the thcoi} and pimciple of paitial gasti ectoni} foi duodenal ulcti, 
the operation of gasti oduodenostoim proiides a consenatne suigital jiro- 
ceduie which at times ma) be cmplo_\ed with maximum a''^uraIKC agaiii'^t 
lecunence 01 new ulcci foimation at 01 about the stoma Likewise, the ojki - 
ation senes admiiabh as a secondan procedure in eeitain ca^es when an 
operation is necessau subsequent to a simple closure following an acun per- 
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foration, or m occasional instances of recurrent ulcer subsequent to pyloro- 
plasty or gastro-enterostomy 
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EXPERIMENTAL PROOF OF THE OBSTRUCTIVE ORIGIN 
OF APPENDICITIS IN MAN*! 
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Minneapolis, Minn 

rnOM THE DEPARTMENT OF SURGER'i, UM\ ERSm OF MINNESOTA MID1C\I SCHOOL, MINM OLIS, MINN 

In a piehminaiy study/® repoited two yeais ago, fiom obsenations made 
upon the exteiionzed, unobstiucted appendix, eMdence was piescnted whieh 
suggested that the veimiform appendix of man secreted fluid It was also 
show'll, at that time, that obstiuction of the cecal appendage of the labbit was 
follow'ed consistently by evidence of lapid fluid seuetion Dining the time 
that has intervened since then, these studies haie been extended considciabh 
In the piesent communication evidence of the secretoiy capacity of the \ emu- 
form appendix of man w'lll be cited 

The behavior of the appendix w'hen obstiucted temporal ily will be de- 
sciibed and factual pi oof of the lepioduction of the pathologic pictuie of 
spontaneous appendicitis thiough the agency of obstiuction wall be piescnted 

Method — Fiom studies made upon the obstiucted cecal appendage of ibe 
labbit and the vermiform appendix of the chimpanzee, “ it w'as appaient that 
m Older to adduce convincing proof of the secietory capacity of the ajipendix 
of man it w'as necessaiy to incannulate the obstiucted exteiionzed apjicndix 
Unobstructed appendicostomies pei nutting incannulation had been established 
incidentally w'hen colostomy w'as perfoimed foi malignant disease of tiie colon 
Exterioi ization of the appendix m this mannei had been accomplished leadilv 
thiough a button-hole incision and did not complicate the operative piocc- 
dure 

In a patient piesenting a caicmoma of the ascending colon, it was possible 
to exteiiorize, w'lth the blood supply intact, aftei the Bloch-iMikuhcz piinciplc, 
the gieatei poition of the light half of the colon and the terminal ileum A 
few' days later, w'hen the exteiionzed bow'el had become faiih well coicred 
W'lth fibiin and effectual sealing of the w'ound had occuiied, the base of the 
appendix w'as ligated secui ely The attachment of a closed w ater s) stem con- 
nected to a recoiding nianometei permitted determination of the ensuant m- 
ciease in intialununal pressure The manometer used required addition of 
o 58 cc of fluid to raise the pressure reading 100 cm of water 

It W'as obvious that this type of case, permitting detcinunation of ibt 
secretory capacity of the vermiform appendix, would not be encountercri fre- 
quently After considerable deliberation the method depicted m Figure I wa‘' 
w'orked out When preliminan colostoim was being pei formed f<»r malig- 
nancy of the laige bowel 01 rectum piioi to excision of the lesion the ajipendix 

* Read before the American Surgical Association, Hot Springs, \ p, ii la 

I 3 > 1939 

T The researches presented herewith were supported b\ a grant 01 the Gnuu it*. 
School of the Unnersitj of Minnesota, and also b^ a grant for tcchnic'*] as'i'^t'*' cc h. 
the Federal Public Works Administration, Project Xo 665-71-3-69, Subproject Xo 25s' 
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was exteiioiized and obstructed Thiough a button-hole incision placed over 
tbe base of tbe cecum, the appendix was delivered and the cecum around the 
base of tbe appendix was ancboied secuiely to tbe paiietal peiitoneum by a 
numbei of fine silk sutuies, thus placing tbe appendix m an exti apei itoneal 
position The base of the appendix was ligated with plain catgut No oo, a 
cannula was placed m the appendix and as soon as the patient was letuined 
to his room attachment was made to a manometiic lecording system After 
it was detei mined whether or not the obstiucted exteiioiized appendix de- 
veloped an increase of intraluminal pi essure, the closed system was broken and 
tbe cannula was attached to a small Wasseimann tube (atmospheric pressure) 



ploj ed in this study for purposes of measuring the secretor> pressure — a 
procedure performed coincidentally at the time of colostomy 

to note whethei fluid could be collected At tins juncture a segment of the 
distal poi tion of the appendix was excised foi purposes of histologic comparison 
with the segment removed as a contiol section at the tune of opeiation In a 
few instances leukocyte counts were made to determine whether inci eases of 
intraluminal pressuie caused leukocytosis No appendix vas allowed to go 
on to perfoiation 

Before dismissal of the patient from the hospital the appendix was snipped 
oft at the lei el of the skin and granulations grev over its orifice and skin soon 
coiered the site nhere the appendix had been evisceiated 

In a few instances in which the appendiceal stump continued to secrete 
fluid, extrapei itoneal excision of the residual segment beneath skin lei el was 
made _ 

* No patient in the series came to harm through anj of these manipulative procedures 
incidental to exteriorization of the appendix 
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RcKultK — The secietoiy activity of the obstiucted appendicostoniies is sum- 
inaii7cd 111 Table I The cases have been giouped in the table with reference 
to the heights of secietoiy picssiiie attained It is to be noted that the highest 
iccoidcd piessuie was 126 cm of natei, a level 1 cached 22 houis after ex- 
tciioii/ation and obstiuction of the appendix in a man age 68 The next 
highest piessuic lecoidcd was 125 cm of watei, 1 cached aftei 14 hours and 
15 minutes m a man age 47 In a man, age 70, piessuie of 92 cm of ivatei 
was reached 14 houis and 30 minutes aftci incannulation The oldest patient 
in the SCI ICS was age 75 (Case 20) No eiidence of fluid secietion w^as noted 
The appendix had a lumen but micioscopic examination showed no evidence 
of mucosa One patient m the senes, R A , Case 7 m the table, w^as age 29, 



I 




A 

Tic 1 — A The piticnt iiul the iinnomctric iccordinfr sj'stein for determining' secretor> 

prc<;sure (Cisc i, Tiblc I) 

G L , Case 3, was age 33 . the next youngest patient in the entiie gioup was 
age 41 The avciage age foi the gioup was 56 

No secietoiy piessuie developed in thiee of the 22 exteiioiized, obstiucted 
appendixes One of these w^as M F , Case 20, age 75, lefeiied to immediately 
above In anothei, Case 22, G B , age 53, whose cecum w^as exteiioiized foi 
polyposis, the blood supply of the appendix had been damaged in the manip- 
ulative maneuveis neccssaiy to exteiioiize the cecum and appendix and the 
negative lesult is essentially without significance In the instance of a third 
])alienl. Case 21, A C, age 61, the cannula had not enteied the lumen and 
no secietory piessuie w'as lecoided When the appendix w^as lemoved, how- 
evei, exudate was found in the lumen 

In SIX othei instances, howevei, a secietoiy piessuie of less than 20 cm 
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of water was recorded In one of these, Case 17, A B , age 41, the appendix 
had no mucosa In the five otheis (Cases 14, 15, 16, 18 and 19), the segment 
of obsti ucted, exteriorized appendix was so short that on removal of the can- 
nula, no specimen could be lemoved for biopsy 

In nine instances, the highest secretory pressure exceeded 40 cm of water, 
in seven of these the pressure was sustained above 85 cm In four instances, 
pressures intermediate between 20 and 40 cm of water attended obstruction 
of the exteriorized appendix In one of these. Case 12, W H , age 53, the 
pressure was not allowed to mount over 20 cm of water As soon as that 
level of pressuie was reached, the recording levei was lowered to zero by re- 



B 

Tig 2 — B The control section — cut from the distTl end of the 'ippendiv at the time 
the exteriorizTtion wzs performed (X6o) 


moval of fluid from the system by an aspirating syiinge On the first occa- 
sion, it took but 30 minutes foi the level of 20 cm of watei pressure to be 
developed Aftei a wait of 20 minutes, it took 50 minutes to develop the same 
level of secretory piessure Aftei an inteival of 24 houis, the level of 20 
cm piessure vas reached in 18 minutes, on the third day it took 80 minutes 
and the same amount of time on the fouith day 

Discussion — These data support the thesis that the vermiform appendix of 
man vhen obstructed, will de^elop a secietory pressure in the majority of 
instances nhicli vill threaten the Mability of the appendiceal nail It is to be 
noted, howe\er, that theie aie instances in which no evidence of secietor} 
piessure attends luminal obstruction Such appendixes undoubtedh would 
tolerate luminal obstruction n itliout hazard to their owners The instance of 
W H, Case 12 suggests that luminal obstructions nhicli are survived di- 
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C 


I ir 2 — C \fttr 24 Ikiui- of i>rtsMiic (>^30) 1 ht scimic indicates the site 
from wliicli 1) takf-ii fhert is 1 diffnst ctlliihi iiifilti ite with e\udnte in die 
Iiiintn riie fat in tin. snhmiicosa is also apparent 



D 


Fig z — D A fiee e\iidation of poljiiiorphoiuicleai cells has occurred into the 
nuisciilar lajer (X500) (The print has been turned to include MSinlization of a 
I,icatei length of the muscle lajei ) 
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minish the secretory capacity of the appendix It is apparent, not alone from 
the small amount of fluid secreted by the normal appendix but by instances m 
which no evidence of fluid secretion was obtained, as well by the observations 
made on W H , Case 12, cited above, that the balance between secretion and 
absorption, though weighted in the favoi of the formei, is poised on a some- 
what narrow margin 

In the mam, a fairly definite con elation was found to exist between normal 
microscopic appeal ance of the mucosa m the control section and the develop- 
ment of a high secretory pressure This factoi would appear to be the most 
significant item in determining whether an obstructed appendix will seciete 
fluid Obliteration or connective tissue replacement of the luminal mucosa is 
certain to be correlated with a lack of secretory capacity m the vermiform ap- 
pendix The presence of fat in the submucosa, if the mucosa itself is normal, 
does not militate against the development of high secietory activity (Fig 2C) 
An abundant lymphoid tissue, beneath an atiophic mucosal layei, does not 
assure lapid fluid production (A O , Case 14, Table I) 

Aft’cndtcostomy — zvtth base tied 
Closed System 
Case of T IV 
(Case I, Table I) 



Fig 2 — E Retraced pressure record — the slope of the rising pressure is indicated A pressure of 126 
cm water ^\as reached 22 hours after obstruction 

It would appeal, therefore, that the more normal the appendix, the moie 
likely it IS when obstructed to secrete fluid lapidly, pyramiding the intralu- 
minal pressure with resultant anoxic effects upon the appendiceal wall The 
disintegration of the wall of the appendix eventuating in perfoiation or gan- 
grene IS owing in part to the fluid transudation occasioned by the resistance of 
the high intraluminal tension and in part by cellular migrations into the wall 
as well as through bacterial invasion A noimal appendix which will with- 
stand an intraluminal tension of approximately three atmospheres of pressure 
without rupturing, immediately after excision will perforate at very low values 
(20 to 70 cm of water pressure) if it had been subjected to prolonged main- 
tenance of sustained intraluminal pressures within the range of secretory 
pressures recorded in Table I It is to be recalled that the luminal capacity of 
the normal appendix at atmospheric pressure is essentially zero, and that at 
60 cm of water pressure the usual luminal volume of the normal appendix is 
about 05 cc 

Whereas, in an earlier study,^'’ the impression was lent on the basis of a 
study of the secretorji^ behavioi of the cecal appendage of the rabbit that ca- 
tharsis accelerated fluid secretion, a more adequately detailed controlled study 
of this item suggests that neither fluid secretion nor perforation is hurried by 
purgation In the rabbit, obstruction of the cecal appendage vill be followed 
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Histologic Study of Ohstnicted Appendixes — It is to be conceded freel}, 
that the vermiform appendix exterioiized upon the abdominal wall is not a 
pioperly coiiti oiled expeiiment for histologic observations Every appendix 
exterioiized m this mannei, whethei or not it develops a high secietory pi as- 
sure, exhibits evidence of thickening of the peiitoneal tunic of the appendix 
(seiositis) In two unobstructed, exterioiized appendixes, employed foi pur- 
poses of contiol m which a catheter was left in the lumen, in one instance 
(case of C S , age 65, U H No 670933) foi six ueeks before excision of 
the specimen and in the other 12 days (case of B N , age 33, U H No 



Fi/ 4 — Section of a gibbon’s obstructed appendix after 22 
hours of incannulation The highest pressure reached was 19 cm 
of water — a pressure sustained for less than one hour There is 
e\ idence of sero-itis Otherw ise the section is normal 

660885), the lumen and mucosa in each instance weie noimal Both exhibited 
marked serosal thickening and cellulai infiltration was apparent in the muscle 
lajer 

Our best controlled observations ueie upon the obstiucted appendixes 
of apes Heie, it vas possible to leave the obstructed appendix uitlnn the 
peiitoneal cavit} oi at least well beneath the skin In the chimpanzee which 
develops w’lth luminal obstruction a secretory pressure not unlike man or the 
rabbit, a diffuse cellulai infiltration of all the walls attends obstiuction In 
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the giblion, on the eontini}, in which the highest pressine attained was 20 cm , 
and not long sustained, kiininal olisti action was not attended by leukocytic 
imasion of the walls (Fig 4) A mild seiositis only attended the exteiionza- 
tion 

As has ahead} been 1 elated in the statement concerning the results of 
luminal obsti action of the veimifotm appendix of man, the best deteimmant 
of whcthei an a])pendi\ will secietc fluid and develop the histologic pictuie of 
acute difluse aj^pendicitis consequent upon obsti uction, is the presence of a 
noimal mucosa All instances in which high secietoiy piessures followed ob- 
stuiction weie attended In the histologic pictuies ot acute diffuse appendicitis 
The histologic stud} of two of these (Cases i and 3, Table I) is shown in 
Figmes 2 and 3 The details of the histologic findings aie listed in Table I 

Di R E Bunge, * of this Clinic, has made cell counts of the exudate found 
within the lumen of appendixes exhibiting no demonstiable evidence of in- 
flammation w ithin Its w all as w ell as upon the exudate wuthm the lumma of 
appendixes exhibiting definite c\ idence of acute diffuse appendicitis Similaily, 
he has made cell counts ujion the exudate appeal mg m the lumma m a number 
of the patients m tins senes whose appendixes were obsti ucted and exteiior- 
ized It IS well knowm that cells aic cxtuided constantly into the intestinal 
canal and the exfoliation of epithelial cells fiom the appendiceal mucosa as well 
as cxtiusion of white blood cells thiough the intact appendiceal mucosa is 
gcneially accejited as a constantly occuiiing phenomenon *'’ ^ 

Bunge ohsened that this exudate, wdnch ma} be obseived not uncommonly 
within the lumen of an a])pendi\, the wall of wdnch fails to exhibit evidence of 
inflammation jiossesses icgulail} a piedominantly l}mphocytic chaiacter® 
In a gioup of seven such cases in the appendixes of man, out of 100 cells 
within the lumen the a\eiagc l}inphocytic count w’as 90 In instances of 
spontaneous!} occuiiing appendicitis, on the contiaiy a count of the luminal 
exudate showed imaiiably a definitely piedommant polymoi phonucleai leuko- 
cytosis In a gioup of 13 such instances, the aveiage polymoi phonucleai count 
on the luminal exudate was 86 cells out of eveiy 100 counted Similaily m a 
gioup of SIX obsti ucted, extciion/ed appendixes in wdnch fluid secretion was 
active, the cell counts on the luminal exudate show^ed the average polymoi - 
phonucleai count to be 82 cells out of eveiy 100 cells counted It is appaient, 
theiefoie that the same type of cellulai 1 espouse attends obsti uction of the 
exteiioiized appendix as is obseived in instances of spontaneous appendicitis 
The exudation of polymoi phonucleai cells into the muscle layer in obsti ucted 
exteiioiized appendixes is appaient in Figuies 2 and 3 

Effect of Appendiceal Obsti uction Upon Pioduction of Pam, Fever and 
Leukocytosis — In a nunibei of instances, caieful notations were made with 
icfeience to pain 01 discomfoit attending obsti uction of the exteriorized ap- 
pendix The presence 01 absence of pain m these cases w'as difficult to deter- 
mine 111 most cases 01 was leiideied actually inconsequential by the adminis- 
tiation of opiates to lelieve postopei ative pain In the mam, it would appeal 
that a colicky pain not unlike that obseived in spontaneously occurring appen- 
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dicitis could be reproduced by luminal obstiuction in those patients whose 
appendixes secreted fluid actively and developed a high secretion piessuie 
In Case 5, Table I, the details of which are listed below, it is apparent that 
the pain could be leproduced almost at will by elevating 01 loweiing the intia- 
luminal tension within the appendix It is obvious, howevei, aftei a fairly 
high intialummal piessure has been sustained foi some time, that the occur- 
lence of pain may be modified in proportion to the degree with which the 
circular muscle of the appendix resists distention 

Both tever and a polymoiphonuclear leukocytosis weie fairly constant 
accompaniments of the intialummal pressuie which attended obstiuction of 
the exteriorized appendix It is difficult, of course, to evaluate with exactness 
the temperature and leukocyte response to the perfoimance of the colostomy 
Determination of how the factors of pain pioduction, fevei’^ and leukocyto- 
sis were influenced by obstiuction of the appendix was made in a laige numbei 
of the group Observations noted at the time of the recoiding of the secretory 
piessures with reference to the occuiience of pain, fever and leukocytosis is 
indicated m a few of the actively secreting appendixes as listed below 

Case I, Table I — W , age 68 Obstruction and exteriorization of a rather long 
and free appendix Insertion of cannula for recording pressure 
I day prior to operation — W B C , 7,700 , P M N , 62% 

At start of record — Temperature, 992° F 

After 4 hrs — Temperature, 996° F , pressure, 22 cm water 

After 12 hrs — ^Temperature, 998° F , pressure, over 60 cm water 

Waves occur with peaks every five to ten minutes (peaks up to 80 cm water 
pressure) 

After 14 hrs — Pressue, 78 cm water Waves becoming smaller, WBC, iS)6oo> 
P M N , 82% 

16 hrs after exteriorization — Pressure, 100 cm water, temperature, 994° F Ap- 
pendix pale and distended, no serosal discharge , circulation present , no pain 
At 18 hrs — Pressure, 115 cm water Waves smaller and peaks less high (up to 
125 cm water) 

At 20 hrs — Pressure, 125 cm water, temperature, 100° F Waves even smaller 
(see Fig 2E) 

At 22 hrs — Pressure, 126 cm water, WBC, 15,000, PMN, 89% 

Pressure recording stopped and pressure removed The patient had denied pain 
earlier, but on removal of the pressure he stated that he was suddenly relieved 
of a dull aching pain in the right lower quadrant This dull ache was not re- 
produced, however, by raising the pressure again 
38 hrs — W B C , 13,000, PMN, 77% There was a slight elevation of temperature 
for two days after release of pressure 

Ultimate Outcome — Dismissed from hospital and returned later for posterior excision 
Case 2, Table I — O N , age 47 Obstruction and exteriorization of appendix 
followed by incannulation for recording pressure 

At 7 hrs after start of record — Pressure, 80 cm water with 4 cm waves, tempera- 
ture, 992° F , WBC, 24,000, PMN, 86% (waves synchronous with pulse) 
At 9 hrs — ^Appendix looks tense The larger vessels on the surface were engorged, 
but the areas between were blanched Patient denied pain even to leading 
questions 

* All temperature determinations are rectal 
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At 14 hrs— Pressme, 125 cm water with 2 cm waves synchronous with pulse, 
WBC, 16,000, PMN, 86% Appendix more blanched and there were fewer 
vessels holding blood The volume of the appendix at this time was i 25 cc 
The temperature lose to a maximum of loi” F at 21 hrs, then returned to 
normal 111 a few hours (Fig 5) 
bltnitatc Outcome — Carcinoma inoperable Radon insertion 
Dismissed fiom hospital 

Case 3, Table I — G L, age 33 Obstruction and exteriorization of appendix fol- 
low’ed b\ incannulation foi lecording pressure Preliminary volume-elasticity deter- 
mination show’cd a leak occurring betw-een 80 and 120 cm of w'ater pressure (base not 
tied tight) 

At 3 hrs — Pressure, 22 cm water, temperatuie, 996° F 

At 12 hrs — Pressure rise ceased and pressure leveled off abruptly, presumably due to 
leakage into cecum or seepage, pressure 97 cm w'ater Slight penstalsic waves 
c^cri few minutes and also pulse waves 
At 15 hrs — Pressure, 96 cm water waies disappearing, temperature, 100° F 
At iS hrs — Pressure, 98 cm watei , WBC, 11,800 Patient has no complaints — 
occasional!} questioning elicits confession of vague low'er abdominal soreness 
“like a stomach ache ” 

At 19 hrs — Pressure, 99 cm water, temperature, 996° F Pulse waves rise i to 
1)^ cm 

At 20 hrs — Piessure, loi cm water There are occasional peaks to about 120 cm 
due to movements of the patient and foliow’ed by a gradual fall to a low’er level 
as if some fluid had been lost 
At 23 hrs — Pressure, 95 cm water, temperature, 1002° F 
At 26 hrs — Pressure, 102 cm w'atcr, WBC, 9,800, PMN, 89% 

At 27 hrs — Pressure, 104 cm w'ater, temperatuie, 1004“ F 
At 28 Iirs — Pressure, no cm water 

At 29 hrs — Pressure, 106 cm w'ater Lower abdominal discomfoit 

At 30 hrs — Pressure, 105 cm water, WBC, 10,200, PMN, 86% 

Waves bigger Appendix more blanched tlian earlier 
No necrosis evident 

At 42 hrs — Pressure, loS cm water Almost no waves now 

WBC, 8,300 There w'as a pressure peak lasting ten minutes after taking blood 

for W B C 

At 44 hrs — Pressure, 96 cm w'ater, temperature, 1008° F 

At 47 hrs — Pressure, 100 cm w'ater, temperature, 1012' F Still vague abdominal 
aches 

At 49 hrs — Piessure, 105 cm water, WBC, 13,000, PMN, 94% 

At 49 j 72 hrs — Pressure released No change m abdominal pain Volume elasticity 
determination show'ed no demonstrable stretching of the lumen 
Still 0 17 cc at 100 cm 
At 50% hrs — Temperature, 986° F 

At 62 hrs — Temperature, 100“ F , WBC, 7,200 , P M N , 92% 

Ultimate Outcome — Colostomy was performed for obstruction due to spread of 
cancer of cervix uteri 

Case 5, Table I — C P , age 56 Obstruction and exteriorization of appendix 
followed by incannulation for recording pressure 

After 16 hrs — The piessure had risen to 90 cm water with waves up to 95 to 130 
cm coming every 10 to IS minutes, the high points being climaxed by a spike 
Careful questioning of the patient showed that he had sharp severe pains coming 
just as the pressure commenced to rise for each of these peaks, reaching its 
climax about two-thirds of the way up to the peak and ceasing just as the pres- 
sure commenced to drop This was right lower quadrant pain Just as it 
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ceased each time (after lasting 20 to 30 seconds) the patient had a pain in the 
left side in the region of the Mikulicz exteriorization of the carcinoma Shghth 
more severe and evidently of the same nature (Fig 6) 

Ultimate Outcome — Bloch Mikulicz resection of carcinoma of sigmoid Recovery 
Case 6, Table I — T , age 53 Obstruction and exteriorization of appendix 
followed by incannulation for recording pressure The mesentery was too short to allow 
stretching the organ out straight and it was, theiefore, kinked on itself in and just above 
the muscle layers of the abdominal wall 

At start — volume-elasticity determination D 4 cc at 120 cm water pressure 
After i 6)4 to i 8 j 4 hrs — Pressure rose from ig to 72 cm water in a few small and 
one large jump suggesting that at this point fluid passed the kink 
At igl/2 hrs — Pressure, 73 cm water, temperature, 1002° F 
Pulse waves visible from this point onward 
At 2 oJ 4 hrs — Pressure, 74 cm water, WBC, 13,000, PMN, 82% 

At 23^4 hrs — Pressure, 85 cm water, temperature, 102° F No pain at any time 
At 25^ hrs — Pressure, 86 cm water, temperature, 1016° F, WBC, 15,000 
Pressure released, no change 111 sensations resulted 
Volume-elasticity determination at end of pressure recording — 0 13 cc at 120 cm 
of water pressure 

At 29 hrs — ^WBC, 11,000, PMN, 76% 

At 32 hrs — Temperature, loi 6° F 
At 36 hrs — Temperature, 1008° F 
At 40 hrs — Temperature, 100° F 

Ultimate Outcome — Failed to return for posterior excision of rectum 
Case 8, Table I — M K, age 54 Obstruction and exteriorization of appendix 
followed by incannulation for recording pressure 

Barium in lumen from 24 hrs before start — ^W B C , 10,000 
After 6l4 hrs — ^W B C , 13,200 
At 8)4 hrs — Pressure, 51 cm water 
At 24 hrs — Pressure, 45 cm water 
At 25 hrs — ^W B C , 12,800 

At 26 hrs — Waves begin to appear Peaks come every 20 mins and there are 
sharper waves between The basal level rose gradually to 56 by 30 hrs 
At 30 hrs — Sudden drop in pressure to 26 cm with loss of waves suggesting rupture 
Temperature, 101° F No leak, however 

At 32)4 hrs — Pressure, about 20 cm WBC, 8,600 Pressure released The tem- 
perature returned to normal in a few hours thereafter 
Ultimate Outcome — Resection of carcinoma of sigmoid colon Recovery 

The Sccietoiy Activity of the Obstiucted Cecal Appendage in Animals — 
Rabbit — Two years ago, it Avas leported^® that ruptuie of the rabbit’s cecal 
appendage attended luminal obstruction quite regulaily In about 75 per cent 
of instances perforation occurs within 10 hours after ligature of the base The 
highest secretory pressure that has been observed to date (136 cm of water) 
foIlo\ved luminal obstiuction of the cecal appendage m the labbit A large 
number of observations have been made upon rabbits, and failure to secrete 
has not yet attended obstruction ^ The character of the secretions may be 
modified, how ever, by regulating the pressure at wdneh secretion occurs ® 
Otlici Animals — The secretory behavior of the cecal appendage of a large 
number of other animals has been iir\ estigated, including most of the domestic 
animals as well as fowl, carnnorous mammals, rodents and monkeys No 
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evidence of secretoiy activity in the obstructed cecal appendage was noted in 
any of these 

AnfJnopoid Apes — The secretory activity of the vermiform appendix has 
been studied in two species of anthropoid apes, the gibbon and chimpanzee 
The highest secretory pressure observed in two gibbons was 19 cm of 
water and in neither instance was this maximal pressure sustained for long 



Fig 6 — B Chart indicating the leukocyte and temperatuie response incident to cbstruc 
tion (See details of case recoid No 5 ) 



A 

1 IG 7 — A The obstructed cecal appendage of a rabbit from which fluid has been 
collected in a balloon Two hundred cubic centimeters was collected in five dajs The 
appendage is normal grossh and microscopically 

The \ermiform appendix of the chimpanzee, on the contiary, exhibits a 
secretor}^ piessure not unlike that of man and the rabbit The highest pres- 
sure recorded in the obstructed appendixes of three chimpanzees uas io6 
cm of u ater 

The Natinc of the Fluid Scaeted by the Obdiiicted Appendix Be- 
cause of the small amount of fluid collectable fiom the obstructed vermiform 
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appendix of man, extensive obseivations on its natine have not been pos- 
sible The detenninations made have been upon lathei small quantities of 
fluid as IS appal ent fiom inspection of Table I These would suggest that 
mineial salts such as calcium and phosphates may be present, as well as 
digestive enz}mes It is necessaiy, howevei, to lule out bacterial activity 
befoie concluding that digestive enzymes aie piesent in the fluid 

Extensive obsenations have been made on the fluid secieted by the ob- 
stiuctcd cecal appendage of the labbit, howevei About 20 cm of fluid may 
be collected e\ei} six houis Digestive enzymes are usually present in the 
fluid as it is collected in a small balloon within the labbit’s abdomen Aftei 
Beikefeld filtration to remove bacteria, however, no trace of pioteolytic or 
other digestive enz) matic activity persists ® 



B 


I'lc 7 — B Obstructed cccal appendage of a rabbit Perfora 
tion occurred s hours and i8 nimutcs after recording was com 
menced, a pressure of 69 cm water having been reached Other 
areas of necrosis are apparent This appendage showed evidence of 
diffuse cellular infiltration with areas of necrosis microscopically 
(Keproduced from Annals of Surgerv, 106, 927, 1937) 

Is file Fluid a Tine Sea chon oi a Filhafc^ — ^Whereas, no substance has 
been identified in the fluid which would stamp it definitely as a secretion of 
the mucosa of the appendix, there is eveiy reason to believe that this fluid is 
secreted by the mucosa First, fluid may be collected from the obstructed 
appendix at atmospheiic pressure m both man and the rabbit (Fig 7) 
Obstruction of the base of the cecal appendage m animals m which no secre- 
tory piessme develops is unattended by fluid secretion Secondly, pressures 
attending obstruction of the appendix m man (126 cm water 01 926 Mm 
mercury), chimpanzee (106 cm water 01 778 Mm mercury) and the 
rabbit (136 cm water or 100 Mm meicury) have been observed to appioach 
the systolic level of blood pressure It has been remarked already that 
appendixes possessing an atrophic mucosa failed to exhibit evidence of fluid 
secretion (Table I) Obseivations made by Dr C J Beilis,^ in this clinic, 
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Oil the intraluminal pressures in spontaneously occuriing' appendicitis (ob- 
structive) and the interstitial tissue piessuies indicate that the intraluminal 
pressure distal to the obstiuction, is highei in instances of acute appendicitis 
than is the interstitial pressuie 

Clinical Significance of the Seaetoiy Capacity of the Appends —Th& 
observations related above seive to emphasize the great importance of ob- 
struction in the genesis of spontaneous aj^pendicitis in man The histologic 
picture of spontaneous diffuse appendicitis has been leproduced thiough the 
agency of obstruction alone In the cecal appendage of the rabbit, all the 
varieties of appendicitis recognized by the pathologist from meie subserosal 
leukocytic invasion to gangrene or peiforation may be produced by luminal 
obstruction 

That the rich lymphoid tissue of the vennifoim appendix of man may 
play a role in initiating luminal obstruction in infections or othei conditions 
which augment swelling in lymphoid tissue, is understandable It would 
appear likely that this is the probable mechanism by which the lymphoid 
tissue of the appendix mediates its influence in causing appendicitis 

The usual causative agent m demonstiable obstruction of the appendiceal 
lumen is the fecalith ^ How in turn it originates, still demands explanation 
It would appeal necessaiy that the pathologist consider anew the obstruc- 
tive concept of the origin of appendicitis It is even moie important that the 
clinician i esurvey his concept of the eai ly symptoms and findings of appendi- 
citis The dicta of Murphy, namely, pain, nausea and vomiting, abdominal 
tenderness, fever and leukocytosis, have been accepted almost universally 
as clinical desiderata of the disease Appendicitis, however, is essentially 
a closed-loop obstruction in which the only early findings may be inter- 
mittent crampy pain and local tenderness Elevation of teinperatuie, quicken- 
ing of the pulse and leukocytosis may not be in evidence until the anoxic 
effects of increased intraluminal pressure have set the infective characters 
of the disease in motion Finally, in order that the unwarranted mortality 
of the disease may be reduced moie effectually, it would appear necessary to 
liberalize the indications foi excision of the vermiform appendix Appendi- 
citis IS probably still the most important of all suigical diseases It ranks 
high as a cause of death and should be looked upon as a problem of the public 
health ^ 


CONCLUSIONS 

The secretory activity of the vermiform appendix of man, possessing a 
normal mucosa, has been established Such an appendix nhen obstructed 
and exteriorized may develop a secretory pressure approaching systolic blood 
pressure The histologic picture of acute diffuse appendicitis has been pro- 
duced in man b}' obstructing the exteriorized appendix Appendixes having 
an atrophic mucosa fail to exhibit evidence of fluid secretion Avhen obstructed 
It appears likeh that the chief inciting agency m bunging about appendicitis 
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in man is obsliuction of an appendix in which the mucosa possesses the 
noimal secietoiy capacity 
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FROM THE SURGICAL SERVICE OF THE MOUNT SINAI HOSPIT \L, NEW YORK, N Y 

Two of the most important developments in intestinal surgery during the 
last decade have been the increasing recognition of localized inflainmatoiy 
disease of the terminal ileum and colon, and the trend in some surgical clinics 
towaid stage procedures in the operative management of colonic neoplasms 
As a result, ileocolostomy with exclusion is being more frequently performed 
eithei as a preliminary or definitive opeiation in inflammatory disease, and as 
a fiist-stage procedure in the resection of benign and malignant lesions of the 
1 ight colon The following communication is based upon the study of 32 cases 
of ileocolostomy with exclusion This includes 16 cases of ileosigmoidostomy 
foi regional ileitis and proximal regional hypertiophic colitis, three cases of 
ileotransverse colostomy foi legional ileitis, and 13 cases of ileosigmoidostomy 
with ileocolic lesection for malignancy of the right and transveise colon 
Palliative anastomoses were not included as the period of survival was too 
short These entei ocolonic anastomoses were all routinely accompanied by 
tiansverse section of the ileum distal to the site of the anastomosis in ordei 
to completely exclude and shoi t-circuit the intestinal flow fiom the diseased 
bowel The technic followed has been to divide the terminal ileum betv^een 
Payr clamps, carrying the incision well into the mesentery of the small 
bowel in order to secure the necessaiy independent mobility of the proximal 
and distal segments Both ends weie then closed by suture and continuity 
of the bowel was restoied by a side-to-side enterocolostomy No special 
attempt was made to peiform an isoperistaltic anastomosis, the respective 
segments being placed along the axis in which they naturally lay In le- 
sions affecting the light and transverse colon, the ileum was divided about 
eight to ten inches fiom the ileocecal junction, great care being taken to 
preserve the integnt) of the ileocolic vessels In cases of nonspecific ileitis, 
the small intestine was divided through presumably healthy bowel at a point 
well proximal to the most oral segment presenting visible evidence of disease 

The operation as outlined above has always been prefen ed to ileocolostomv 
in continuity The latter proceduie is not infrequently complicated by trap- 
ping and stasis, factors which ma)>- produce marked distention and tension 
ulcerations of the loop of intestine between the enterocolic stoma and the area 
of diseased bowel This complication, which may give rise to severe symp- 
toms, has been emphasized by Estes and Holin,^ and was observed twice in 
the course of secondarj operations in which an ileocolostomy in continuity 
had been previously performed Othei disadvantages of this procedure are 
that secondar}' lesections may be more difficult from a technical standpoint 

♦Read before the American Surgical Association, Hot Springs, Va , Ha\ ir, 12, 

13. 1939 
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Fuitheimoie, in the piesence of ileal oi cecal fistulae intestinal leakage would 
still continue fieely because the intestinal curient had not been completely 
divei ted 

The oiiginal giatifying lesults with ileocolostomy with exclusion weie 
achieved in cases in which this opeiation had been pnmaiily intended as a 
piehminaiy to latei lesection The clinical impiovement in many of these 
patients uas so maiked and the disappeai ance of mtra-abdominal mflamnia- 
toiy masses and cutaneous fecal fistulae was at times so lapid, that we came 
to the conclusion that contemplated lesection foi mflammatoiy diseases should 
usually be peifoimed in stages The impiovement following this lelatively 
simple pioceduie has pi oven to be so gieat in numeious instances that lesec- 
tion m these patients has been indefinitely postponed 

Objections to ileocolostomy with exclusion have been laised on a number 
of giounds The feai has been voiced that obstiuction might produce suffi- 
cient back piessuie to impeiil the suture line of the distal excluded ileum 
This complication has not been encounteied in the piesent series First, 
mflammatoiy disease laicly goes on to pioduce a complete obstruction Sec- 
ond, the secietion of mucus and fluid leqimes only a very small channel to 
e\acuate itself In addition, malignant lesions of the light colon aie laiely 
completely obstiuctive and in those cases in which acute obstruction has 
occuned piehminai} cecostomy has been peifoimed In cases of subacute 
obstruction m which theie lealiy is a doubt, the distal ileal loop may be 
brought out on the abdomen thiough a countei incision in a manner similai 
to the distal segment m the Lahey opeiation foi caicmoma of the lectum 
Another dangei ivhich has been pointed out, is distention and possible 
perfoiation of the blind loop of ileum used in the side-to-side anastomosis 
This dangei is not pecuhai to entei ocolostomy ivith exclusion, but is equall)' 
piesent in cases in ivhich intestinal lesection has been performed This pos- 
sibility IS a leal one It can be avoided by taking pains eithei to cany the 
line of anastomosis almost up to the blind end oi by performing an end-to-side 
implantation of the ileum into the colon In the piesent senes, we have 
encounteied ivliat we take to be two instances with such dilated blind ends, 
which could be demonstiated clinically, in one case, by the palpation of a 
laige sausage-shaped mass, and in the othei, by roentgenogi aphic evidence 
In a third instance, the foimation of tension ulcers m the blind loop produced 
symptoms of pentonitis which recjuiied surgical mteivention This patient 
had been operated upon about two yeais previously, at which time an ileo- 
sigmoidostomy with exclusion had been peifoimed for a hypertiophic colitis 
involving the tiansveise colon The patient impioved maikedly following 
the operation and had piactically no gasti o-mtestmal complaints Twenty-four 
hours before readmission, he complained of sudden seveie lower abdominal 
cramps, and vomited Physical examination revealed temperatuie of ioi° F , 
marked direct tendeiness and iigidity in the right lowei quadrant, and 
rebound tenderness thioughout the lower abdomen Theie was a moderate 
leukocytosis and the general picture was one of an acute appendicitis Imme- 
diate exploration revealed the presence of a moderate quantity of seropurulent, 
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nonodorous fluid in the lower abdomen and pelvis The appendix was normal 
The cecum, ascending colon and terminal ileum weie atrophic Fuitlier 
exploration revealed that the blind loop of the ileum which had been used in 
the enteiocolostomy was distended to about twice its normal size The blind 
loop was about thiee inches in length and showed two areas about the size of 
a dime which weie coveied by exudate Palpation levealed that these aieas 
weie markedly thinned Resection of the blind loop was perfoimed at a point 
about three-quartei s of an inch distal to the stoma The opening was then 
closed in layeis The pathologic repoit was “dilated ileum with two tension 
ulcers ” The patient made an uneventful recoveiy and has remained well 
to date 

A third possible objection which has been voiced, especially in cases of 
ileosigmoidostomy, is that emptying of the fluid contents of the ileum into 
the sigmoid would result in dianhea and might even piove iintative to the 
lowei sigmoid and lectuin Such a diarrhea has not been obseived in any 
case m which the sigmoid was found to be normal at the time of operation 
As a matter of fact, in the iight-sided colitis and ileitis the diarrhea which 
was pieviously present has disappeaied In a number of instances previously 
dischaiging perianal fistulae, instead of becoming aggiavated, healed Theie 
has been no impairment of contiol or development of any proctologic 
symptoms 

Fourth, the most fiequent objection encounteied has been that m the 
piesence of such a long, blind, excluded loop of colon, stasis, retention, dis- 
tention and ulceration might lesult m the segment of colon lying between the 
ileocecal legion and the site of anastomosis Here, again, clinical, radiologic 
and opeiative observations have bi ought no evidence which would tend to 
confirm such a belief 

The alteied moiphologic and physiologic conditions which resulted fioiii 
ileocolostomy with exclusion have been carefully studied The physiologic 
alteiations weie noted by caieful, lepeated inquiry into the nature of the 
patient’s gasti o-intestinal symptoms and activities Thiity-two patients, 22 
of whom have been followed for more than thiee yeais, weie subjected to 
personal intei views and examinations Results of this investigation may be 
summai ized by saying that intestinal function following any of the aliove men- 
tioned operations did not vary greatly from noiinal The patients’ appetites 
were good Most of them had gained weight, some of them enormously so 
With few exceptions they lepoited that after a few weeks they weie having 
a maximum of three stools per day, and some were having only two movements, 
which were moie or less normal in consistency, usually lieing desciibed as 
“mush} ’’ or “soft ” They w ere neithei diarrheal nor scybalous Abdominal 
ciamps w^ere absent and defecation was as a rule unaccompanied by any 
d}schcsia Control was normal and when the desire to detecatc overtook 
them at an inopportune time the desire passed aw'ay following inhibition 
Most of these patients have only \er\ larely to resort to eithei cathartics or 
enemata The onl} constant abnormal symptom comjilained of by these 
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patients, in appioxnnately inoie than half the cases, was borborygmus and 
rumbling m the abdomen This vaiicd fiom a i datively mmoi symptom to 
a point wheie it became emliaiiassing m public Aiiothei vaiiation, which 
IS pel haps woithy of note, was that dietaiy indiscietions weie moie apt to be 
followed by diaiihea Incidentall} , ne may state that no attempt has been 
made to keep these patients on any specific diet They have moie or less 
eaten what they liked In two instances symptoms weie definitely tiaced to 
ovei eating of imusuall} laige quantities of fiuit oi vegetaldes which produced 
fiequent but not distiessmg bowel movements, m one case, and flatulence m 
anolhei It piobably would be bettei policy to limit types of food tending 
to pioduce fei mentation in the colon, and this, peihaps, might i educe the 
tendency towaid excessue flatulence 

It IS the authois’ belief that a i datively small blind loop on the ileal side 
distal to the anastomosis is much moie apt to show signs of dilatation and 
ulceration than is the unilateial excluded colon This is piobably due to the 
fact that letrogiade peiistalsis is piesent in the colon as a physiologic function, 
and that when an impulse is lecened distally, the colon can lespond by 
emptying itself in the noimal diiection 

In ordei to visualize the mechanics of bowel function and to study morpho- 
logic changes which might be piesent, roentgenologic studies following a 
barium meal weie made m 22 cases By giving a baiium meal it was possible 
to trace the course noimally taken by the intestinal contents These studies 
revealed that folIo^Mng ingestion of baiium the medium commenced to reach 
the stoma mthm four to six hours It was found that the ileal loop directly 
proximal to the anastomosis or immediatel}- adjacent to it was dilated in 
almost one-thiid of the cases Except 111 two cases, this dilatation was not 
accompanied b}'’ any tendency to stasis, and may be a manifestation of phys- 
iologic accommodation In two instances, honevei, definite evidence of gas 
accumulation and retention of baiium in the loop of ileum could be determined 
In one of these cases, theie had been an unusual dilatation of ileum noted 
from the onset of the patient’s illness This was a female, age 26, who was 
admitted to the hospital with acute, complete intestinal obstruction of about 
three days’ duiation Study revealed that this was due to an obstructing lesion 
at the hepatic flexuie for which a cecostomy was performed At this time, 
enormous dilatation of the terminal ileum was noted Three weeks later, an 
ileosigmoidostomy with exclusion was pei formed In spite of the fiee drain- 
age in the inteiim the marked distention of the ileum had not abated At 
the final resection, a few weeks later, the continued dilatation of the ileum 
was again noted In this instance, the distention of the ileum has apparently 
never leturned to normal The mechanism in the other case with this type 
of ileal stasis does not appear clear All that can be said is that it was not 
giving rise to any clinical symptoms 

After passing the ileocolic stoma the barium stream was seen to pass 
both ways, part of it passed distally with normal peristalsis, and another por- 
tion, usually about equal in amount, was earned up the excluded proximal 
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colonic segment by retrograde peiistalsis The level to which retrogression 
occurred was determined by the site of the inflammatory lesion In cases of 
inflammatory disease m the transverse colon, the barium was usually carried 
back to the region of the splenic flexure In lesions in the right colon it passed, 
as a rule, to the level of the proximal transverse colon In some cases of 
ileitis It was carried back as far as the cecum The stream which passed dis- 
tally was not expelled immediately At the 12- and 24-hour observations 
It was found that most of the distal barium had been expelled Some of the 
barium which had passed into the blind colonic loop by reveise peristalsis 
remained from 48 to 72 hours Preliminary plates of the abdomen showed 
no marked gaseous distention in the excluded loop of colon It is interesting 
to note that after the barium had passed into the colon theie was never any 
demonstrable retrograde passage into the terminal ileum 

In a number of instances studies were made following a barium enema 
Both the baiium meals and barium enemata showed no abnormal dilatation 
01 distention of the excluded colon, and haustiations and sacculations were 
normal, even after yeais of unilateral exclusion When a barium enema is 
administered there is, as a rule, retrograde passage through the ileocolic stoma 
as well as into the excluded loop of bowel Furthermore, the force of the 
barium enema is sufflcient to carry the contrast medium to a point much 
faither proximal to the diseased segment than ordinary retrograde peristalsis 
The only instance in which barium ivas trapped and became scybalous, u as the 
result of such retrograde passage in the case of hypertrophic colitis 

Further opportunity of studying the physiology of tlie excluded colonic 
loop following ileocolostomy was afforded by two cases witli fecal fistulae 
In one of these, extensive obstructive resection had been performed for a car- 
cinoma of the transverse colon m a very obese woman An attempt to close 
the resultant artificial anus extrapentoneally was only partially successful, 
a small opening in the bowel remaining An ileosigmoidostomy with exclu- 
sion was then pei formed to short-circuit the intestinal contents This patient 
was examined on a number of occasions It was found that the stool which 
could be observed in her transverse colon was solid In another patient, an 
ileotransverse colostomy was pei formed for a large, prolapsing cecal fistula 
Although there was considerable diminution of fecal drainage, a certain quan- 
tity of semisohd stool would appeal at the cecal opening Both these cases 
demonstrate that letrogiade peristalsis with the functioning of the absorptive 
power of the colon takes place 

From a comparison of the bowel function following ileotransverse co- 
lostomy and ileosigmoidostomy ivith exclusion, no definite differences could 
lie elicited In summary, therefore, it would appear that the contents of tlie 
small intestine upon entering the colon at once pass in a retrograde direction 
to a certain extent W hether there is any further retrograde extension of 
the material wdnch ongmall}' passes into the distal loop cannot be stated 
In any event, there is sufficient retrograde extension to permit of the normal 
absorptive functions of the colon to occur, and to render the stool solid or 
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semisohd The occuiience and extent of this retiogiade peiistalsis is im- 
poitant to beai in mind if a shoit-cncuiting pioceduie is peifoimed for a 
type of legional colitis affecting the splenic flexuie and descending colon In 
such instances, ileosiginoidostoniy alone is piobably insufficient to protect the 
diseased bowel fiom the intestinal contents In this type of case, division of 
the colon just pioximal to the anastomosis must be peifoimed as lecommended 
by Berg® and von Beck ^ Fui thei evidence that there is no unusual dilatation 
or stasis in the excluded loop of colon was obtained in five instances by second- 
aiy opeiation, all following a peiiod of at least a yeai, and, in two cases, foi 
periods of moie than five yeais No abnormal dilatation, distention, thicken- 
ing, 01 atiophy of the excluded loop could be appieciated 

The question may aiise as to wlty ileosigmoidostomy lather than ileo- 
tiansverse colostomy was peifoimed in such a large peicentage of cases 
In the fiist place, it seemed logical to assume that because of the tendency 
to letrogiade peiistalsis, much bettei exclusion of the diseased segment of 
bowel could be obtained Second, in caicinomata, especially near the hepatic 
flexuie, It was felt that if necessai)% moie radical lesection because of lym- 
phatic node involvement could be earned out, and if necessary the mam branch 
of the middle colic aiteiy could be divided Third, expeiience has shown 
that in cases of iight-sided hypeiti opine colitis it might not be possible to 
absolutely asceitam that the anastomosis was being perfoimed in a healthy 
segment of transveise colon Fouith, m cases in which fistulae were piesent 
it seemed obvious that less oppoitunity foi leakage of intestinal contents would 
occui, the moie distally the ileocolic anastomosis was placed Fifth, the lateial 
anastomosis appealed to be technically safei and simplei to peifoim in the 
moie musculai sigmoid than it was m the tiansveise colon with its sacculations 
and haustrations 

In legional ileitis, howevei, expeiience with lecuirences pioximal to the 
hue of anastomosis has led us into moie fiequently pei forming ileotransverse 
colostomy In such cases a secondary exclusion opeiation can be pei formed 
by dividing the ileum pioximal to the diseased aiea and then anastomosing 
the bowel with the sigmoid 

It IS our opinion that the physiologic alterations pioduced by ileocolostomy 
with exclusion aie not sufficient to give use to any pathologic symptoms, with 
the exception of possible distention and ulceiation caused by leaving too long 
a segment of small intestine beyond the aiea of anastomosis Occunence of 
intestinal symptoms, such as abdominal cramps and persistent diarrhea, has, 
m oui experience, been due to a lecuiience or extension of disease m the 
bowel In instances m which the primaiy operation has been undertaken foi 
lesions m the ileum, the symptoms have been found to be due to recurrence 
of the disease m the ileum proximal to the site of anastomosis In cases of 
primal y colonic disease, recurience of symptoms has usually been due to per- 
sistence of the disease or extension to a more distal segment of colon This 
possibility has been avoided by limiting this type of opei ation to the definitely 
localized gi anulomatous, hypeitiophic types of colitis 
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In this legard, it is of interest to cite a case operated upon on the service 
of Di Richard Lewisohn and previously i eported b}'- him - In this patient, 
ileotransverse colostomy with exclusion was perfoimed for an extensive tei- 
minal ileitis For a few months the patient was considerably lelieved but 
recurience of diarihea forced hei readmission At this tune, the previously 
excluded loop of ileum as well as cecum weie resected They showed maiked 
1 egression in the pathologic findings For a while the patient’s symptoms 
again subsided but episodes of abdominal pain and diarrhea again recurred 
Roentgenologic examination at this time levealed a lesion m the small bowel 
just proximal to the stoma, which was again lesected and an ileosigmoidostoiny 
was performed Since that time, this patient has again had lecurience of 
symptoms and again a lesion proximal to the anastomosis has been discovered 
1 oentgenologically It is interesting to note that at the tune of the lesections, 
in neither instance did the excluded loop of bowel show any maiked changes 
One drawback to ileosigmoidostoiny and subsequent lesection, as above 
desciibed, occuis in cases of malignant disease, because either a lecuiience or 
development of a nen tuinoi in the blind loop of bowel will, at first, be piac- 
tically syinptomless In one such instance, the only symptom of a neoplasm, 
that occurred in the blind loop, was a lapidly developing anemia In this 
patient, an ileosigmoidostoiny had been followed by a wide lesection of bowel, 
earned fiom the teimmal ileum to the transveise colon for a double car- 
cinoma of cecum and hepatic flexure The patient was seen about one yeai 
later with a histoiy of weakness and anemia The stool was strongly positive 
foi blood Baiium enema showed a filling defect in the tiansveise colon 
wheie a new tumoi had appaiently developed Howevei, if careful track is 
kept of the patients with malignant disease and an eaily diagnosis is made, fur- 
thei lesection in these cases of multiple carcinomata is simpler than if an 
ileoti ansvei se colostomy is present 

Theie aie ceitam technical features which may perhaps be emphasized 
In the fiist place, it has become our custom to perform the ileocolostoinj" 
through a left-sided incision We found that this permits an adequate ex- 
ploration and exposuie of the ileocecal junction The advantage of the left- 
sided incision IS that secondary procedures on the light colon are rendeied 
much more simple, technically, as massive adhesions sometimes develop m the 
opeiative field Furtheimoie, there is a certain sense of security, and un- 
doubtedly more healing powei, resulting from a fresh wound than that fol- 
lowing the leopenmg of an old one Also, if infection of the wound should 
occur when the lett rectus incision is used, the second stage will not be held 
up too long Infection of a iight-sided wound might delaj^ such a secondary 
resection foi a considerable length of time 

We cannot emphasize too strongly the necessity of visualizing the ileo- 
cecal junction and being positive that it is the proximal portion of the divided 
bowel which is being anastomosed We know of instances m which the distal 
loop has madv ertentlj been the seat of the anastomosis Another difificuitv 
which desenes mention and which can be circumvented In proper technic, is 
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the occm i dice of adhesions of the blind loops to each othei or to the stoma 
To avoid this, we have at times excised a small segment of ileum and inveited 
the distal closed end into the distal ileum to a greatei extent than usual 
Howeiei. mc haie found that if division of the mesenteiy is earned far enough 
doiMi, the necessaiy independent mobility will usually be achieved Inciden- 
tally, it IS oui belief that too long a blind loop is much moie apt to be left 
behind, distal to the ileocolic anastomosis, if division is piacticed at the second 
Stage lathei than the fiist In such cases one hesitates to appioach too closely 
to the 1 datively Iresli stoma, and the fiequent piesence of infiamniatoiy in- 
duiation in the immediate vicinity of the anastomosis also tends to lead the 
opeiator to divide the ileum moie distally 

SUMMARY AND CONCLUSIONS 

A gioup of 32 cases of ileocolostomy with exclusion aie lepoited Clinical, 
roentgenologic, and opeiative studies in this senes levealed 

(1) That obstiuction and dilatation of the distal excluded ileum did not 

OCClll 

(2) That m the case of ileosiginoidostoni} theie was no iiiitative effect 
on the lowei bowel 

(3) That, although theie was retiogiade passage of ileal contents into 
the excluded segment of colon, theie was no abnormal distention, dilatation 
01 ulceiation of this loop 

(4) The only site at which definite pathologic alteiations occiiiied as 
a lesult of the opeiative proceduie, was m the blind end of terminal ileum 
used 111 a side-to-side anastomosis In two cases, theie was marked distention 
of this blind end and m one case tension ulceis pioduced peiitonitic signs 
necessitating lesection of the blind loop 

(5) The opeiation of ileotransvei se colostomy oi ileosigmoidostomy with 
exclusion does not in itself pioduce symptoms Rectiiience of symptoms has 
been found due to lecuiieiice of the disease pioximal to the anastomosis when 
the original operation was undertaken foi disease of the small intestine In 
cases in which the operation was peifonned foi the localized type of colitis, 
syniptoms have been found to be due to either pei sistence of the disease m the 
excluded loop of colon oi its extension distally 

(6) In view of the fact that ileocolostomy with exclusion does not pro- 
duce any untoward gasti o-mtestinal symptoms, it might be advisable to use 
this proceduie as a first-stage opeiation for inflammatory diseases of the right 
colon and terminal ileum The necessity for further intervention could then 
be judged by the future course of the disease 
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Discussion — Dr John deJ Pemberton (Rochestei, Minn ) I would 
like to discuss very briefly one oi two points regarding ileitis In Decembei, 
1936, I reported all the cases of regional enteritis seen at the Mayo Clinic 
in the 15-year period 1922 to 1936, inclusive There were 39 cases, and at 
that time I attributed the increased incidence in lecent years to an increased 
alertness on the part of the clinician and the roentgenologist in recognizing 
the disease However, in the past 30 months we have seen 68 cases, that is, 
there have been almost twice as many cases in the last three years as in the 
prior 15 years I now feel, veiy definitely, that the disease is on the increase 

Because of this fact and because we know veiy little, or nothing, regarding 
the cause, I think it is exceedingly important that this subject be lepeatedly 
brought to the attention of the profession 

Our expel lence has led us to believe that the best tieatment for legional 
ileitis IS the resection of the affected segment 01 segments involved, either in 
a one-stage or two-stage procedure, depending upon the conditions found in 
the individual case When a two-stage piocedure is employed because of the 
presence of a fistula or of the poor geneial condition of the patient, I believe 
that a period of two to six months should elapse between the stages This 
allows, of course, for the rehabilitation of the patient as well as for a paitial 
resolution of the inflammatory process I do not believe that the period 
should be longer than six months, because of the risk of extension of the 
inflammatory process 

In many of our cases, because of marked improvement obtained following 
ileocolostomy or a short-circuiting proceduie, we have delayed the second 
operation for several yeai s , in some this has been delayed as long as five years 
In none of these cases have we seen complete resolution, but on the contrary, 
in several of the cases we have seen definite extension of the process to in- 
volve the ileum at the site of anastomosis or proximal to the site of the 
anastomosis 

There is another reason why I think it is important to resect the infected 
part of the ileum, this is because the process sometimes is tuberculous, and 
yet It is indistinguishable giossly from the nontuberculous type of ileitis 
I recently operated upon a patient, upon whom I had perfoimed an ileo- 
colostomy SIX months before, for what was thought to be nontuberculous 
enteiitis, but the pathologist found that the lesion was tubeiculous 

Table I 


CASES or regional enteritis in which operation was performed from 



JANUART I, 1922, TO APRIL 30, 1939, INCLUSIVE 


No of 


Hospital 

Mortality, 

Cases 

Surgical Procedure 

Deaths 

Per Cent 

6 

Abdominal exploration* 

I 

16 7 

30 

Exclusion or short-circuiting operation 

6 

20 0 

32 

One-stage resection and anastomosis 

2 

6 3 

39 

Two-stage anastomosis and resection 

I 

2 6 

Total 107 


10 

9 3 

* One case. 

enterostomy, one case, drained and closed fistula 




Table I shows the cases of regional enteritis seen in the clinic from Janu- 
ary I, 1922, to April 30. 1939, inclusive, of which we have definite record 
Parentheticall}^ cases of lesions of the small bowel seen prior to 1922 ha\e 
not been reviewed The cases listed under abdominal exploration were, for 
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the most pait, cases m which the lesion was veiy extensive and in which no 
majoi suigical piocednie was peifoimed The moitahty late m the exclusion 
opeiation nas high, not because the opeiation in itself was moie hazaidous 
than the opeiation of lesection but because of the veiy pool condition of the 
patients Theie neie two deaths m the gioup of 32 cases in which lesection 
was earned out in one stage The gioup was compiised, of couise, of selected 
cases I think it is paiticulaily inteiesting that of the 39 cases 111 which le- 
section was earned out in two stages theie was only one death It seems to 
me, theiefoie, that, if the patient can eiiduie a pielimmaiy ileocolostomy, 
lesection of the affected segment of bowel should be pei formed later, since 
lesection can be accomplished at small iisk 

Dr Vernon C Dwid (Chicago, 111 ) The essayists have discussed the 
subject of ileocolostomy with thoioughness, and have laised a numbei of 
inteiesting technical and ph}siologic pioblems foi discussion 

As to the indications for ileotiansverse colon colostomy, I would hazaid 
the opinion that the}' aie much the same m all clinics Duiing the last thiee 
}eais at the Piesbyteiian Hospital, Chicago, the opeiation was earned out 27 


times (Table I) 

Table I 

Carcinoma of the cecum and ascending colon 10 

Carcinoma of the hepatic flexure 2 

Carcinoma of the ileocecal valve r 

Lymphosarcoma of the cecum 3 

Postoperative obstruction after appendicitis 2 

Granuloma of the cecum i 

Intractable fistula of the cecum i 

Terminal ileitis 7 


Total 27 

Theie weie five deaths m this gioup, all of whom had a tumor, one from 
embolism and foui fi om pei itomtis , tin ee of these deaths occurred in inopei - 
able cases wheie the opeiation was peifoimed to lelieve obstruction 

The title “Ileocolostomy with Exclusion” laises the question as to whethei 
an ileocolostomy should always be peifoimed after division of the ileum as 
the authois indicate We piactically always peifoim the operation without 
division of the ileum when the opeiation is undei taken to relieve obstruction 
or puiely as a side-trackmg pioceduie, and have had reason to believe that 
the new and wide lateial anastomosis between the ileum and transveise colon 
actually did side-tiack the fecal stieam 1 would like to cite one informative 
case 

A large cecal fistula, following accidental injuiy duiing a nephrectomy, 
persisted in spite of lepeated effoits at closure An ileocolostomy in contin- 
uity produced a dry and piactically feces-free field which allowed prompt 
healing of the fistula after operation The efficacy of the operation in ter- 
minal ileitis IS more difficult to estimate due to the tendency for the disease 
to have multiple and often recurrent lesions, developing months or years 
apart We believe with the essayists that a side-tracking operation as the first- 
step proceduie in terminal ileitis, especially if a fistula is present, is a sound 
procedure 

The question of a one- or two-stage opeiation in carcinoma of the cecum, 
ascending colon, or hepatic flexure, must be left to the individual operator’s 
judgment, all agieeing that obstiuction, adiposity, poor cardiovascular quo- 
tient, or marked local inflammatory reaction about the tumor should call for 
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a pieliminary ileocolostomy Wherever possible, however, we believe in the 
one-stage operation with a wide lateial anastomosis between the ileum and 
transveise colon in preference to the end-to-side aseptic method 

I should like to call attention to the possibility of a cai cinomatous implant 
at the site of the anastomosis in a two-stage operation That implants take 
place, IS lathei dramatically evidenced m a patient who had had an extensive 
horseshoe i ectal fistula for five years, upon whom several operations had been 
performed and seveial biopsies made, all showing chronic mflammatoiy tissue 
At the last opeiation, the lining of the fistulous tract was friable and a biopsy 
showed It to be a papillaiy adenocarcinoma On questioning the patient, he 
admitted having had i ectal bleeding for tliiee months Proctoscopic examina- 
tion showed a small papillaiy carcinoma 15 cm above the anus We have 
had another patient who developed a small carcinoma at the junction of the 
skin and the mucosa of a colostomy perfoimed as a piehminaiy first-stage 
operation for carcinoma of the rectum While implantation of carcinoma at 
the site of an ileocolostomy is undoubtedly lare m the two-stage operation, 
it must be consideied as a relative indication foi the one-stage procedure 
The essayists’ lemarks on ileosigmoidostomy weie very inteiestmg to me, 
m that they have obseived no tendency foi the patient to have liquid stools 
resulting from retrograde passage of the fluid contents of the ileum into the 
ascending and transveise colon I have avoided the operation wherevei pos- 
sible because of the supposed tendency to diarrhea, and would still be inclined 
to employ an ileotransvei se colon anastomosis wherever possible, as it physio- 
logically places the liquid contents of the small loop as far to the right in the 
colon as possible and excludes the dangers of a laige blind loop 

Dr Ralph Colp (closing) There is veiy little that I can add except to 
1 eiterate that the cases m which an ileosigmoidostomy with exclusion has been 
performed have not complained of diaiihea after the first few weeks, and if 
they did complain of diarihea at a subsequent period, it could be taken for 
gi anted that there was some extension of the disease 
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THE VALUE OF PRELIMINARY COLOSTOMY IN THE CORREC- 
TION OF GASTROJEJUNOCOLIC FISTULA=^ 

Damon B Pfeiffee, MD 

Phii^vdelphia, Pa 
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Edw iRD M Kent, M D 

NomMCH, Conn 

HiOM TUF irUFiUl 8UHQIC\L CLINIC OF THE VBINGTOV MLMOBIVL HOSPITNL, AMNGTON, PI 

OvFR THE Years there have appeared in the liteiatuie instances of spon- 
taneous fistulous communications between stomach, duodenum, jejunum and 
colon in vaiying combinations, pioduced by a vaiiety of lesions such as gastric 
or colonic caicmoma, abdominal tubeiculosis or pyogenic abscess, ulceiative 
colitis, tiauma and unopeiated ulcei of the stomach oi duodenum, the last 
such case being lepoited by Wilkie ^ However, following the employment of 
gastio-entei ostomy foi ulcei m cases which Ave now know Aveie unsuitable, 
the foimatioii of a gastiojejunal oi jejunal ulcer was not infrequent, and in 
a numbei of cases, b)'- adhesion and continued eiosive action, a communica- 
tion Avas made betAAeen the stomach, jejunum and colon — the gastiojejuno- 
colic fistula 

Just as the etiology of peptic ulcei is not definitely knoAvn, so the cause of 
these neAv ulcei s at oi just bejond the stoma is not undei stood oi contiollable 
The first such ulcei AAas lepoited by Biaun,- in 1899 The fiequencj' of 
occuirence vanes Avidely in difteient statistics Lahey® found the disci ep- 
ancy to range fi om i 7 to 24 pei cent aftei gastro-entei ostomy, and fi om o 4 
to 10 pel cent aftei gastiic lesection Lahey and SAvinton^ lecommend two 
technical points Avhich aie piobably of value m pievention, namely, the avoid- 
ance of enteio-entei ostomy and of occlusion of the pylorus But it is evident 
that the pioblem is not one of technic alone It is agieed that gastio- 
enterostomy in the young, sthenic, hypei kinetic, hyperacid type of individual is 
uiiAvise because of the danger of subsequent ulcei occui 1 mg at the stoma 

In Older to prevent the still moie seiious state Avhich ensues Avhen the 
ulcer peifoiates into the colon, it is lecommended by some to make an anteiior 
gasti o-entei ostomy , 01 if a posteiioi gastro-enterostomy is made, to place 
the opening in the tiansveise mesocolon near the base rathei than neai the 
colon 

Czeiny, m 1903, leported the fiist case of gastrojejunocohc fistula folloAv- 
mg gastro-entei ostomy Since then, a consideiable numbei of cases have 
been repoited m the literatuie, eithei as isolated case lepoits 01 m small 
series They may occui within the first yeai aftei gasti o-enterostomy 01 
only aftei manj'- yeai s have elapsed Thej'- may be small or large and may be 
direct 01 thiough the medium of a fistulous tiact, usually shoit The symp- 
tomatology and diagnostic signs have been consti ucted These consist of ( i ) 

^ Read before the American Surgical Association, Hot Springs, Va , May ii, 12, 

1939 
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Pam, not necessarily of ulcer character, and as m primary ulcer, inconstant 
and sometimes inconspicuous or absent, (2) diarrhea, with symptoms simu- 
lating colitis resistant to medication and diet, and the passage of undigested 
food recently taken by mouth This has been thought to be due to direct 
passage of food from stomach or jejunum into the colon but we believe, on 
the basis of fluoroscopic findings, that it lesults from the exceedingly rapid 
tiansport of food through the stomach and intestines and is probably due to 
the irritation of the tract from the presence of colonic contents in the stomach 
and bowel (ref roentgenologic examination of Case 2) , (3) eructation of 
foul gases and vomiting of material obviously resembling colonic contents 
often occur , (4) general responses are loss of weight and strength, frequently 
extreme, with anemia and blood piotein disturbances 

Such symptoms, when seen in characteiistic form, make the diagnosis 
extremely probable Roentgenologic examination is always advisable in 
doubtful cases and for verification m all cases Defoimities, extreme hyper- 
peristalsis extending throughout the small intestine, the visualization of the 
fistulous tract or the actual passage of opaque mixture from colon to stomach 
or vice versa, are the suggestive or positive signs 

The treatment of anastomotic ulcer by medical management is not so suc- 
cessful as IS that of primal y gastric 01 duodenal ulcer, and the results are more 
difficult to check Unless a satisfactory measure of success is obviously forth- 
coming, it would seem wiser to reoperate upon these cases and carry out an 
extensive gastric resection When fistula has once foi med, it might almost be 
said that there is no medical treatment It has been the geneial experience 
that diet, alkalies and othei adjuncts have little or no favorable influence upon 
a fistula once established Delay results only m furthei deterioration of the 
patient as a suigical risk confronting an operation which is necessarily 
foi midable 

The prognosis without operation is exceedingly grave In most cases 
there is progressive inanition and early death from perforation, hemorrhage 
01 mtei current disease On the other hand, operation has, hitherto, proved to 
involve great hazard Loewy^^ discusses a collected gioup of 63 cases which 
were coirected surgically with a mortality of 27 per cent A^erbrugge® 
describes a group of 20 cases with operative mortality of 25 per cent Allen^’ 
reports two deaths m eight cases (25 per cent) Lahey lost five out of eight 
patients, mortality 63 per cent, albeit but one died of peritonitis On his recent 
visit to this country, Fmsterer recounted his personal operative experience 
with one-stage gastrojejunal resection, uhich yielded five deaths in 13 cases 
(38 4 per cent) He quoted Gosset as having collected 28 cases with r2 deaths 
(428 per cent) From my personal knowledge of such cases operated upon 
and never reported, it seems probable that the total mortality is much higher 
than these figures Personally, prior to adoption of the procedure herein 
advocated my own experience, fortunatelj’’, comprised only two cases Both 
died following one-stage operations, though the technical procedures vere 
satisfactory and not attended bj shock, hemorrhage or gross contamination 
One died of peritonitis, the other of bronchopneumonia which he uas unable 
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to combat, though he lived foui weeks aftei opeiation Both weie in bad 
geneial condition, having giown piogiessively worse ovei a long peiiod of 
attempts at impiovement under medical management It seemed to me then, 
and It seems to me now, that any opeiation of magnitude peifoimed upon 
subjects 111 such a low stale of nutrition and lesistance will inevitably be 
attended by a high peiceiitage of complications and mortality 

It was with such a backgi ound that I encountei ed the following case in the 
Abington Menioiial Hospital 

Case I — K E, white, male, age 34, was seen fiist, September 14, 1936, complain- 
ing of severe diarihea, voracious appetite, marked weakness and fatigue, and loss of 
30 pounds A gastro-enterostoiny had been performed elsewheie four years previously, 
following which, he had been impioved until the onset of his present symptoms, five 
months before 

Physical Eiaiiiiiiation revealed a pallid, emaciated man, with boggy, slightly dis- 
tended abdomen and moderate tenderness m the epigastrium On auscultation peristalsis 
was in a continual state of unrest Slight pitting edema of the ankles was observed 
There was a moderate h3pochromic anemia The urine was normal Fractional gastric 
evamination revealed a Grade 4 hyperacidity Sigmoidoscopic examination was unsatis- 
factoiy due to a constant trickle of liquid, frothy feces containing mucus and particles 
of partially digested food The mucosa was intensely congested but not ulcerated 

Roentgenologic E'laniination — The barium passed out of the stomach too rapidly to 
peimit of adequate study Some went thiough the pylorus but the bulk left by way of 
the stoma The stomach was completely empty in 15 minutes All was passed along 
through the small intestine with great lapidity No barium could be seen passing 
directly into the colon from the stomach By barium enema this mixture was seen 
fluoroscopically to fieely enter the proximal third of the stomach, directly from the distal 
part of the transverse colon, giving definite evidence of gastiojejunocolic fistula 

He was placed on ulcer regimen and sent home, but returned in two weeks with 
symptoms uninfluenced, and was given two transfusions in prepartion for operation 

Pvst Opeiation — October 2, 1936 Considerable excess of clear peiitoneal fluid was 
present The scar of a healed anterior duodenal ulcer was noted At the site of the 
gastro-entei ostomy, the stomach, colon and jejunum were matted together and surrounded 
by adherent mesenteric structures and omentum, the whole forming a mass almost as 
large as a fist Still more striking was the highly inflammatory state of the tissues 
The adjacent gastric wall was edematous The proximal and distal loops of the jejunum 
were greatly thickened and congested and showed shaggy exudate from the serous sur- 
face and actual small plaques of new fibrin In addition to the fistula, there were two 
jejunal ulcers, one 2 cm, the other 8 cm, below the anastomosis It was obvious that 
radical surgery could not be safely performed upon such tissues Recalling that this 
fistula apparently worked in only one direction, that is, from colon to stomach, it oc- 
curred to me that preliminary colostomy might favorably influence the conditions present 
Accordingly, a loop of ascending colon was brought out through a muscle splitting 
incision external to the semilunar line The loop was opened on the third day and 
function promptly established Recovery was uneventful All symptoms disappeared 
Nineteen days after opeiation, he was discharged with no digestive trouble, excellent 
appetite and gain in weight He was having no movement by normal channels 

Three months later, January 25, 1937, he was readmitted for operation, having 
gained almost 50 pounds, feeling and looking well He had had no evacuations by 
rectum Roentgenologic reexamination showed barium leaving by way of the gastro- 
enterostomy into the jejunum but none into the colon On barium enema, however, 
barium could be seen entering the stomach directly at the old site 

Second Opeiation — February i, 1937 The abdomen was reopened through the for- 
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iner left paramedian incision The change in condition was truly unexpected and 
astounding There was no excess peritoneal fluid The inflammatory mass was smaller, 
the walls of both stomach and jejunum, m relation to the anastomosis, were normal in 
thickness and consistency and were uninflamed Since the old duodenal ulcer was 
apparently healed and the pylorus patulous, it was decided to take down the anastomosis 
and make the necessary repairs to restore the normal anatomy The stomach was dis- 
connected and closed The jejunum and colon were detached and repaired Curiouslj 
enough, at this time there was no more ulceration at the site of the fistulous communica- 
tion The jejunal ulcers also had disappeared The operation was somewhat extensive 
and time-consuming but was carried out upon good tissues and without danger of con- 
tamination from the colon 

Recovery was without incident except for extensive distention on the third daj', for 
which a simple purse-string jejunostomj' was performed under local anesthesia On the 
tenth day, crushing of the spur of the colostomy was begun and completed six days 
later The colostomy was closed (third-stage Mikulicz), Afarch 9, 1937 Healing was 
prompt and no digestive symptoms remained 

Roentgenologic examination, March 22, 1937, showed irregularity of mucosal pattern 
of stomach, nonfilling duodenal cap, empty at tliree hours Barium enema showed a 
normal somewhat hypotonic colon Gastric analysis still showed hyperacidity, maximal 
in one hour, total 95, free acid 75 He was placed on ulcer regimen, returned home, 
and has remained well, pursuing his usual occupation as shoemaker 

Stiuck by these findings and the alteiation in conceptions of the pathologic 
physiology thus suggested, and the possibility of loweiing the high moitality of 
surgical tieatment which seemed to be ptesented, another case was anxiously 
awaited 

Case 2 — R B , white, male, age 29, was admitted to the Abmgton Memorial Hos- 
pital, June 3, 1938, complaining of diarrhea, fecal vomiting and belching of gas with 
fecal odor, diffuse abdominal pain and loss of more than ten pounds, all occurring within 
the preceding five weeks He had had an appendicectomy 111 May 1927 In August, 
1929, a perforated duodenal ulcer was closed by simple suture In February, 1937, a 
recurrence of duodenal perforation occurred and this time, in addition to closure of the 
perforation, a posterior gastro-enterostomy was performed All these operations were 
performed bj' other surgeons About five weeks following tlie closure of perforation and 
performance of a gastro-enterostomy, the patient began to complain of pain m the left 
lumbar region which persisted for six months and then subsided for eight months 
About two months before present admission, the pain recurred in the left lumbar region 
but was most severe somewhat higher than previously This pain was relieved tem- 
poranlj' bj" alkalies and food, and persisted for about one month, to culminate in the 
symptoms presented when seen m June, 1938 

Physical Examination revealed a pallid, undernourished male adult Peristalsis was 
alternately ferocious and inaudible , abdominal tenderness was rather general in the upper 
quadrants but was most marked over a small area just below and immediately to the 
right of the umbilicus Unnaljsis, complete blood chemistrv, blood Wassermann and 
Kahn were all negatne Blood counts revealed moderate secondarj anemia Barium 
administered orallj was seen to leave the stomach through both pjlorus and gastro- 
cnterostom\, but easj flow- of radiopaque medium W'as seen by waj of a fistulous com- 
munication of the jejunum with the colon Barium enema even more clearlj rescaled 
this communication through which radiopaque material passed easih from a point just 
proximal to the splenic flexure of the colon directh into the stomach and jejunum 
Two preoperative blood transfusions were administered 

Fust Operation — June 8, 1938 Under spinal anesthesia, celiotomv disclosed numer- 
ous adhesions of the omentum both to Mscera and panetes The posterior gastro-enteros- 
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tomj could be visualized and the ascending arm of the transverse colon was found firmly 
attached to the anastomosis The jejunum, both above and below the anastomosis, was 
seen to be dilated, thickened, reddened and edematous This inflammatory process ex- 
tended in some measure to the mesentery and to the attached colon The ascending 
colon was mobilized and a loop colostomy was made through a stab wound in the flank 
This loop of bowel was opened with the cautery five days later, and postoperative con- 
valescence was uneventful Three weeks postopei ative, he was discharged to the care 
of the Gasti o-Enterologic Clinic of the hospital However, two days before discharge, 
the continued existence of the fistula was verified roentgenologicallj 

Four months after colostomy had been perfoimed, the patient was readmitted He 
had had no digestne disturbances and had gamed greatly in weight In the interval, 
there had been absolutely no diarihea but there had been normal stools from the 
colostomy and some by rectum The continued presence of the fistula was again verified 
roentgenologicallj All evidence of secondaiy anemia had disappeared 

Second Opoatwn — Undei spinal anesthesia, the site of the old gastro-enterostomy 
was exposed The pvlorus was patulous and the duodenal ulceration had apparently 
healed The inflammatory changes in the jejunum and surrounding viscera noted at the 
previous operation were entirely absent A jejunocolic fistula, measuring 3x1 cm , was 
found The jejunum was dissected free and the opening in its wall closed The defects 
in the colon and stomach were similarly closed, thus reestablishing normal continuity 
A Stamm jcjunostoiny was performed just distal to the repaired area The postoperative 
course was uneventful The spur was destroj^ed and the colostomy opening repaired 
three and one-half weeks later, and the patient was discharged, five weeks after cor- 
rection of the fistula 

He IS continuing his ulcer prophylaxis regimen Unfortunately his duodenal ulcera- 
tion has become reactivated, and he has been urged to have a gastric resection performed, 
since he seems to fall into the gioup m which no operation short of this will prevent le- 
currmg peptic ulcei Perhaps it would have been better judgment m view of this 
patient’s history, to have done this instead of restoring normal continuity In our opinion, 
it would have been feasible under the conditions present after preliminary colostomy but 
not before 

In Febuiaiy, 1938, I bnefly leported the fiist case before the Joint Meeting 
of the New York Suigical Society and the Philadelphia Academy of Surgeiy 
Shoitly after this, Di Ralph Colp, of New York, adopted the suggestion and 
met with an even moie staking evidence of the favoiable influence of pie- 
limmary colostomy He has been kind enough to fui nish me with his notes on 
this case and to authoii/e me to use them heie, for which I make giateful 
acknowledgment 

Case Report — Dr Ralph Colp A male, age 49, was admitted to Doctor Colp’s 
service January 7, 1935, and discharged January 24, 1935 He gave a nine-year history 
of ulcer type Roentgenologic examination verified the presence of a penetrating duo- 
denal ulcer with a large residue lemaining after five hours A retrocolic, posterior no- 
loop gastro-enterostomy was performed, followed by uneventful recovery and cessation 
of symptoms for thiee years Three months before his second admission, April 13, 193S, 
he began to have frequent bowel movements accompanied bj the belching of fecal- 
smelhng gas He had lost ten pounds Barium enema revealed the presence of a gastro- 
jejunocolic fistula A colostomy of the Mikulicz type was made with the ascending 
colon through a muscle splitting, right rectus incision When the colostomy was estab- 
lished on the sixth day, almost immediately the patient observed that his breath was no 
longer foul He was discharged symptom-free After three months and a gain of 18 
pounds, he was readmitted, July 8, 1938 The former fistula could no longer be demon- 
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strated roentgenologically Banum in the stomach passed through the stoma into the 
jejunum but not into the colon Barium enema injected through the colostomy showed 
irregularity of the midportion of the transverse colon but did not pass into the stomach 

Operation — July i6, 1938 A hard inflammatory mass, the size of a lemon, which 
included the stomach, colon and jejunum, was revealed About 12 inches from the 
duodenojejunal angle, the efferent jejunum seemed to be the seat of an ulceration The 
fistula in the colon had evidently healed The stomach was still much dilated A partial 
jejunectomy with end-to-end jejunojej unostomy and a subtotal gastrectomy with a Hof- 
meister antecolic gastro-enterostomy was performed The pathologic examination showed 
that the ulcer of the jejunum above noted had healed After moderate reaction, the patient 
did well Beginning two weeks later, the colostomy was repaired in the Mikulicz 
fashion In March, 1939, the patient was seen and found well He had gained 25 pounds 

In commenting on these cases, it is important to note that it is generally 
heheved that m most cases of gastrojejunocolic fistula there is a laige loss of 
gastric contents into the colon, whei eas actually in the first case there was no 
passage from stomach or jejunum into the colon but only in the reveise direc- 
tion The second case, however, was demonstrated roentgenologically to 
possess free flow in both directions by way of the fistulous communication 
This was verified clinically, for colostomy resulted in no stool by rectum in the 
first patient, while m the second, stools were passed by rectum as well as 
thi ough the artificial anus This is impoi tant, for it lends forceful evidence to 
oui belief that the devastating diarrhea seen in these patients is due to tlie 
presence of colonic contents within the upper intestinal tract, and that this can 
be controlled by diversion of the large bowel fecal current at a point above 
the fistula 

The choice of procedure is highly impoitant in the surgical management 
of these patients It has been pointed out that simple restoration of continuity 
has more adherents than the more radical corrective measures We have no 
desire to enter into this question at this time, and we do not mean to imply 
that the use of restoration of continuity in these two instances indicates the 
natuie of our prefeience in the matter We do wish, however, to emphasire 
oui belief that prehminaiy colostomy is compatible with any surgical plan m 
these cases and that it will undoubtedly piove of even greater value m those 
cases selected for the more ladical procedures 

The effects produced by this procedure are apparently due to diversion of 
colonic contents from the stomach and small bowel When the contents of the 
colon are being continuously regurgitated into the stomach and jejunum, the 
patient is continuously fed upon jeces It would seem that either by reinfec- 
tion from the colon or by changes m gastric physiology, the anastomotic ulcet 
IS continuously reactivated and that there is a definite tendency toward the 
formation of additional jejunal ulcers It is worth noting that in Case 2, in 
nhich the fistula vorked both ways, the discharge from the stomach into the 
distal colon aftei colostomy did not cause diarrhea or colitis, and did not intei - 
fere with nutrition Small bowel mo^ements occurred but in all essential 
respects the favorable effects of the preliminary colostomy were equal to tliosc 
noted m Case i, in which the fistula appeared to ha\e a \alve-like formation 
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which allowed only the colon contents to entei the stomach and not vice 
versa Clinically, the obseivations noted following this pioceduie weie cessa- 
tion of diaiihea with letuin of the patient to excellent physical state and hence 
reduction of the geneial iisks of suigical mteivention Fuitheimoie, the 
inflammatoiy leaction of adjacent tissues and the jejunal ulceiation entirely 
subsided, thus i educing the iisk of inflammatoiy complications m suigical col- 
lection of the fistula A thud effect of prelimmaiy colostomy is fieedom fiom 
contamination at opeiation and the latei piotection of sutuie lines m the 
lepaiied colon, abolishing the dangei fiom leakage at this point 

It seems advisable to incoipoiate jejunostomy m the opeiation when the 
fistula is conected, and this has been noted pieviously by Findley, and 
Wateis and Piiestly 

The use of cecostomy at the time of collection of the fistula has been 
lepoited by Bolton and Tiottei,^® Balfotii,^” and MacDonald,*^ and vas lecom- 
mended as a measuie to piotect the sutuie lines m the lepaiied colon, especially 
vhen such lepaii has been difficult Exteiioi ization of the colon by some 
modification of the Mikulicz pioceduie has likewise been employed (Mason 
and Bakei,^® MacDonald,"* Pauchet,*’* and Findley*^) In then hands, the 
pioceduie was earned out at the time of the coriection of the fistula and foi 
the purpose of avoiding a sutm e i epaii of the colon with potential leakage and 
peiitonitis The single instance found m the hteiatuie in which eithei of the 
above pioceduies was employed as a pieliminaiy measure to the collection of 
such a fistula was lepoited by Coliicci,-® and m this instance a cecostomy was 
peifoimed upon a patient with symptoms suggesting intestinal obstruction 
A gastrocolic fistula was latei demonstiated and vas apparently the result of 
spontaneous peifoiation of a gastiic ulcei into the colon No gastro- 
entei ostomy had been peifoimed Five months latei, the fistula was conected, 
and still latex, the cecostomy closed The same improvement in the patient’s 
geneial condition and disappeaiance of clinical signs of mtiaperitoneal inflam- 
matory leaction weie noted by Colucci as weie seen in the case we are repoit- 
mg This expel lence tends to stiengthen the case foi prelimmaiy diversion of 
colonic contents f i om the uppei gasti o-mtestmal tract Who would doubt the 
superioiity of loop colostomy over cecostomy m bunging this about ^ The 
question of the method to be employed in dealing with the ulcer problem pi e- 
sented at the second stage is beyond the scope of this paper Recurrence of 
ulceration would seem to call foi moie radical procedures than simple repan 
and restoration of continuity If so, pielimmary colostomy offers a means of 
making the moie complicated measures both simplei and safer 

CONCLUSIONS 

(1) Loop colostomy piehmmaiy to coriection of gasti ojejunocohe fistula 
resulted m cessation of symptoms and return of the patients to their normal 
physical state, thus greatly i educing the opeiative risk 

(2) Complete disappeai ance occurred of intraperitoneal inflammatory i eac- 
tion involving the jejunum, colon, their mesenteries and the adjacent peri- 
toneum In two instances the ulcei ations themselves disappeared 
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(3) Colonic contamination was avoided and adequate piotection of the 
repaiied transverse colon was seemed, thus abolishing the danger of leakage 
and peritonitis 

(4) The disastrous geneial and local lesults of gastiojejiinocolic fistula 
aie 111 large part due to reflux from the colon into the uppei digestive tract 
and not from loss of gastric contents into the colon, as hitherto suggested 

(5) Piehminaiy colostomy is indicated before attempts to carry out the 
formidable proceduies necessary to correct gastiojejunocolic fistula 
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Discussion — Dr Frederick A Colder (Ann Arbor, Mich) Gastio- 
jejuiiocohc fistulae aie notoriously unsatisfactoiy to treat, and I am suie Doc- 
tor Pfeiffer has made a 1 eal contribution 111 the procedui e that he has desci ibecf 
this morning As he stated, the operative moitahty is high, patients may die 
from shock because the opeiation is a piolonged one, on undernourished 
patients Postopeiative pulmonaiy complications aie common, and of course 
peritonitis is an evei present danger, and a veiy fiequent complication and 
cause of death, because one is working with three oigans that contain colonic 
contents 

Two years ago, Di Aithnr Allen advised and described a method foi 
aseptic resection of this lesion, and I have employed it with satisfaction in the 
smaller lesions Hou'^ever, I have found that I, at least, cannot use it in some 
of the larger lesions such as those described by Doctoi Pfeiffer and I believe 
that his procedure has a real place as a prehminaiy to the aseptic method 
which can be employed at a later date 

Theie is another factoi, however, that I think one should stress heie lou 
cannot find a patient uith a liighei degree of malnutrition than these jicople 
present In the first place, they cannot eat, or they vill not eat, because tlic> 
have the ulcer . and in the second place if they do eat, their gastro-mtcstuia 
tract IS very efficaciously short-circuited m many cases and the food cannot go 
w here it vill be utilized 

I have found that man} of them ai e dehydrated because tiiey have a proiusc 
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diarihea I have encounteied the most advanced cases of alkalosis that I 
have evei seen m this gioup of patients, and many of these patients have 
actually had clinical signs of scuivy I believe that no gioup of patients 
deseives moie caieful piepaiation befoie operation than these cases I cannot 
give you the exact nioitality in oui own patients piioi to 1930, but it was high, 
pi obably about 40 pei cent 

In 1930, we decided that we uould spend a week 01 moie in getting these 
patients leady, by tiansfusions and dietai)'' legimen, high m vitamins, etc 
Since that time we have operated upon 14 patients with gastiojejunocohc 
iistulae In 1931, the fiist patient that we opeiated upon after we decided to 
spend this time in getting them leady died on the eighteenth day of a lung 
abscess Oui next patient died of peiitonitis because of a leak fiom the 
anastomosis in the colon, but since that time we have had 12 patients upon 
whom we have earned out one-stage opeiations, all of them have lecovered, 
I think laigel)'- due to the fact that we had piepaied them veiy, very caiefully, 
collected then chemical abnoi malities, brought then blood to normal, and 
taken plenty of time to do this befoie the opeiation was undertaken 

Eveiy one of these patients presented lesions secondaiy to gastro- 
entei ostomy foi duodenal ulcei We tiy to lestore the gastio-intestmal tract to 
normal, and we have done that in all of these patients that I mentioned In 
thiee instances, the pylorus was closed by scai and we had to perfoim, in 
addition to the closuie of the three involved oigans, a pyloioplasty All of 
them have done well except tuo, uho have had a reactivation of their original 
duodenal ulcei One of these uas lelieved by medical management, and I was 
obliged to pel f 01 m a high 1 esection of the stomach m the othei 

I think if one will take plenty of time to prepare them and then utilize the 
opeiative piinciples of Allen and Pfeiffei, the lesults should be very much 
bettei 

Dr Carl Eggers (New Yoik) About 12 years ago, a patient with an 
established diagnosis of gastrojejunocolic fistula came under my care The 
symptoms were distiessing He complained chiefly of diarrhea, having to 
defecate as often as 12 times a day As a lesult of this, emaciation was the 
outstanding manifestation He weighed only 90 pounds Theie weie no ulcei 
symptoms It appeal ed to us that closui e of the communication with the colon 
was of the greatest importance W e 1 ealized that the patient would not be able 
to stand a piolonged opeiative pioceduie such as is required for separation of 
the stomach and intestine, with possible subsequent resection 

W e thei efore devised a method of less magnitude Reasoning that the part 
of the colon which was attached to the stomach had become accustomed to 
receive acid gastric contents and would pi obably be able to protect itself against 
It in the future, we therefoie divided the transverse colon proximal and distal 
to the fistula After closing both ends, we left the midportion of the transverse 
colon as a pei manent part of the stomach The proximal and distal colon were 
united with an end-to-end suture, thus reestablishing normal continuity The 
lesult was veiy satisfactoiy 

Some yeai s later, however, the patient had recurrence of ulcer at the site of 
his oiiginal lesion in the duodenum with acute perforation This was closed 
by suture 

Two years ago, he was admitted with acute intestinal obstruction due to 
carcinoma of the ascending colon This was successfully 1 esected 

Dr Frank H Lahey (Boston) It is obvious that this lesion, gastro- 
jejunocohe fistula, has been a difficult one for us all to deal with I think I 
should present our expeiience and the plan I lecently devised to manage it, 
although It may not be the best one None of us has had enough experience 
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With the newer developments in the management of these plans to leally know 
yet which is the best one I would like to discuss a plan which we have 
employed in two cases Dr I J Walker, of Boston, who asked my advice 
concerning the management of such a lesion, has also successfully employed 
this procedure in a similar case of gastiojejunocolic fistula 

The thing that has bothered us in the management of the gastrojejunal 
ulcer IS the peritoneal contamination which results from detaching the fistula 
into the colon We have for some time sought for a plan to avoid opening the 
fistulous tract, but to permit resection of the stomach and jejunum In these 
two cases the ileum as a preliminary measure has been cut across, the distal 
end closed and the proximal end implanted into the descending colon as a first- 
stage of the procedure Then, at the end of two weeks, the ascending colon, 
the remaining terminal ileum, the fistula, the jejunum and the portion of the 
stomach to be resected are taken out in one block, and the end of the transverse 
colon distal to the fistula closed with the fecal stream ah eady established 

This has been a very satisfactory method of handling this problem to avoid 
contamination, and although it sounds like an operation of tremendous mag- 
nitude, the colon is mobilized readily and it is not as difficult to perform as 
it seems 

Dr Damon B Pfeiffer (closing) I appreciate these discussions and the 
additional value of the experience and suggestions made I realize that 
the subject is not fully and finally settled by my obseivations, but it seems an 
inescapable conclusion that the three clinical obsei vations here recorded throw 
a new light on the mechanism of the production of symptoms resulting from 
gastrojejunocohc fistula, and that a simple and safe method of rehabilitation is 
offered The idea that the loss of health is due largely to escape of gastric 
contents directly into the colon seems untenable, because, in the first case, there 
was no such loss, as has been demonstrated roentgenologically, and to the 
failure of the food to pass into the colon after colostomy In the second place, 
moreover, although some gastiic contents did find their way diiectly through 
the fistula into the colon, it was found that after colostomy the same favorable 
effects occurred even though there was some continued passage of food into the 
colon Although the bulk of the gastric contents passed into the small intestine, 
the same alleviation of gastric and colonic symptoms was noted The third 
case bears out the same point All this indicates that the disastrous effects of 
this type of fistula are due to passage of colonic contents into the upper gastro- 
intestinal tract rather than the i everse Exclusion is, therefore, the sound and 
simple method of bringing these cases back into a state in which the necessary 
complicated surgery may be accomplished with relative safety It seems proba- 
ble that resection, oi resection by exclusion, may be the accepted method of 
dealing with these ulcer ridden cases, and after complete rehabilitation this is 
not too dangerous a procedure 

I am lost in admiration of Doctor Coller’s last series of ii cases without a 
death Doubtless with the newer methods of handling nutrition and fluid and 
chemical balance much can be accomplished without colostomy It has not 
been oui experience, however, even with the most strenuous efforts under 
hospitalization, that n e have been able to improve the patient’s condition to a 
satisfactory degree Even if this can be accomplished, it would seem that the 
increased danger of performing radical surgery upon an aiea teeming i\ith the 
bacterial flora of the colon must be greater than when this factor is eliminatea 
Certainly in cases ivhich cannot be uell controlled, the plan advocated will hc 
found of value 
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Thickening and shortening of the mesentery, with gieat distention of 
the lymphatics m the involved mesentery and bowel, weie observed when we 
ligated in continuity all the vessels, aiteiy, vein and lymphatics, to a small 
segment of bowel The same result occuiied when the lymphatics to the 
segment weie ligated The ligations were made m the legion of the second 
and thud blanching The bowel itself showed very little alteration except 
possibly a little thickening 

This reti action and thickening of the mesenteiy leminded us of certain 
clinical cases, infiequently seen, in which ceitain areas of the mesentery weie 
found thickened and leti acted 

In the papei by Reicheit and Mathes^ on expeiimental lymphedema of 
the intestinal tiact and its relation to legional cicatrizing enteiitis. Case 3 
(M P ) was that of a man who had suffeied a seveie blow on the abdomen 
from the steeimg wheel of an automobile He was opeiated upon two months 
later for intestinal obstiuction An area of ileum was found bound do\vn 
and kinked The mesenteiy was very shoit, boggy and thick At one point 
m its loot, a small mass of dark coloied mateiial, either fecal matter or old, 
unabsorbed blood pigment, was found Resection of the involved bowel and 
mesentery cured the condition The pathologic study of the lesected ileum 
showed chronic ileitis with the submucosa greatly thickened and edematous 
The lacteals between the muscular layeis were greatly engoiged and many 
were thrombosed 

Another patient (M H ), a boy, age 14, two years before entry had had 
acute appendicitis with possible rupture Appendicectomy with drainage was 
pei formed at anothei hospital He remained well until two months before ad- 
mission, when his first and only attack of ciamps, in the right lower quadrant, 
and soreness developed Hot stupes and manipulation of the abdominal wall 
With the patient in the knee-chest position lelieved the pain A diagnosis of 
intra-abdommal adhesions was made At operation omental adhesions to the 
cecum and teiminal ileum were freed with the electrosurgical knife A fibrous 
band, 3 Mm thick and 4 cm long, extending from ileac wall to teiminal ileac 
wall, so arched the bowel that a loop of intestine could easily slip between and 
cause obstruction The terminal ileum was narrowed and angulated by fibrous 
contracture of the mesentery The regions with narrowing, angulation and 

* Aided by a grant from the Fluid Research Fund of the Rockefeller Foundation 
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contracture were released by lightly coagulating the scar tissue and letting it 
pull apart The bowel wall was somewhat thickened, probably fiom the scai- 
ring and retraction of the mesenteiy with lymphatic block, ratlier than being 
a true regional ileitis 

We reviewed the work of Welch and Mall- on hemonhagic infarction but 
could find only an occasional mention of the lymphatics and none of mesenteric 
retraction among their many beautiful expeiiments 

Our search in the modem text-books of surgery levealed no mention of 
retractile mesenteritis, per se, although gieat thickening of the mesentery was 
discussed under the recently described condition of regional enteritis 

In Volume 4 of Keen’s System of Suigery, 1908, Van Hook and Kanavel 
describe contraction of the mesenteiy and Cjuote the obseivations of 0 
Brehm,^ who felt that mesenteiic shunking was not only to be legarded as an 
etiologic factoi in volvulus of the sigmoid but also as a disease, sui geneus, 
which demanded treatment He felt that simple detoision of angulated loops 
did not suffice in mesenteiic conti action and that ladical lesection vas 
necessary 

A number of papers on retractile mesenteiitis have appeared in foreign 
literature during the past ten years In Bononno’s article'^ on sclerotic and 
retractile mesenteritis he gave credit to Virchow^ for describing scirrhotic 
mesenteritis of the sigmoid flexure, in 1853 Viichow believed that a circum- 
scribed peritonitis with cellulitis and scleiosing degeneiation in the mesenteiy 
caused its retraction, this leti action being necessaiy in the production of 
volvulus of the pelvic colon 

Subsequent to the appearance of Virchow’s paper, authors have reported 
one or more cases of retractile mesenteritis Tuberculosis by some, tiauma 
by others, was consideied to be the causal agent In reviewing the case re- 
ports in the literature and those collected by Bononno up to the year 1929, 
we did not feel that the descriptions weie entirely similar to the condition 
now considered as regional enteritis 

Apparently the first experimental work on retractile mesenteritis nas re- 
ported in 1927 by Jill a® who, b)'^ injecting bacteiia from the intestinal flora 
into the mesenter}'- of the ileum, produced a lymphangitis and subsequent 
retractile mesenteritis 

Stropeni,'^ in 1933, from experiments on dogs, stated that when the mes- 
enteric veins were ligated or injected, mesenteritis developed He did not 
find any disturbance when the artery was ligated No animals shoued any in- 
filtration of lymphatics and he concluded that trauma produced mesenteritis 
by interfei ence with veins 

Milone and Picco,^ in a prelimmar)'- note in 1933, and a complete report 
in 1935 discussed in detail the manj and varied theories in the literature as 
to the etiology of retractile mesenteritis Thej^ believed that distiii bailee of 
lymphatics caused retraction of the mesenteiy because ahsoiptioii from lire 
intestines vas greater m lymphatics than m \eins, and limphatics uerc more 
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leadily distuibed In then expenments on labbits they tied off the lymphatic 
tiiinks at the lOot of the mesenteiy without injuiing the aiteues and veins 
Histologic study, one to 6o days aftei opeiation, showed that letiactile mes- 
enteiitis did not develop until about the tenth day, and that the changes 
pioduced by blocking lymphatics passed thiough the following thiee stages 
Diffuse edema of the mesenteiy with mobilization of migratoiy elements, 
especially the histocytes, hist occuired This was followed by hyperplasia 
of the connective tissue fiom new fibroblastic pi ohfei ation — at first fibiillai)^ 
then ciicumsciibed m bundles and bands perpendicular to the diiection of the 
l}mphatics The thud stage consisted of scleiosing of newly formed con- 
nective tissue bundles and coids with giadual leplacement by collagen fibers 
and eventual leti action of the mesentery They concluded that the cause of 
mesentei itis was of intestinal oi igm . that it was linked with the intestinal sub- 
stances 01 attenuated oiganisms of undetei mined nature which penetiated the 
intestine thiough the veins oi lymphatics, or weie held m them m a lelatively 
higher concenti ation by obstacles causing obstiuction, such as hematoma aftei 
tiauma, inflammation oi neoplasm 

Thus 111 the expei imental work of Jura, Stropeni, and Milone and Picco, 
letiactile mesentei itis was produced by mesentei ic inflammation from bacteria, 
or fiom ligating mesenteuc veins oi lymphatics It was not produced by 
ligation of the mesenteuc aiteiy 

This pievious expei imental woik on mesententis seemed inconclusive 
since the components of the ciiculatoiy system m the mesenteiy had not been 
studied in the same animal individually and collectively From our earlier 
woik on lymphedema^ we knew of the fibiosis and scarring that developed 
when the lymphatic system was blocked in the bowel and in the mesentery, 
but we did not emphasize this finding since small amounts of the sclerosing 
solution leaking into the mesenteiy fiom the punctured lymphatics might 
have been a factoi in causing the i eti action 

Expe} imental Investigation — The experiments w^e aie now reporting con- 
cern circLilatoiy imbalance in the canine mesenteiy They can be divided into 
seven parts, namely, the effect pioduced by (i) ligating all structuies, aitery, 
vein, neive and lymphatics, m a segment of the mesentery pioximal or distal 
to the second branching fiom the lOot of the mesenteiy, (2) ligation at this 
level of the aiteiy and vein, (3) ligation at this level of the lymphatics, (4) 
ligation at this level of the aitery, (5) ligation at this level of the vein, (6) 
the foimation at this level of hematoma in the mesenteiy, and (7) trauma 
to the mesenteiy 

Eaily m the expei imentation it was lealized that a number of factors 
must be conti oiled if the lesults w^ere to be interpreted as being due only to 
the experimental piocedure Study of the protocols of the first twm animals 
showed the necessity of assistance dining the operation and of the utmost 
caie in handling the bow^el Perhaps the gieatest factor to inteifere wuth the 
estimation of results was adhesions which developed when small amounts of 
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blood soiled the abdominal contents, or when all the talc on the gloves had not 
been washed off Adhesions also developed aftei frequent sponging with 
moist gauze oi when drying of the exposed bowel and mesenteiy occuiiecl 
As the investigation progressed it became evident that the proper treatment 
of adhesions was another inteiesting pioblem which null be discussed later 
Photographs were taken at the opeiating table when reopening the animals 
for observations, since the alterations could not be seen \vell in the sacrificed 
animal But the photography had to be abandoned as the drying of the 
exposed bowel by photo-flood lamps pioduced adhesions 

A summary of the expei iments is given in Table I In a single animal 
three to eight different ligations have been perfoimed at stated points in the 
mesentery of the small bowel Between ligations normal or contiol segments 
of mesentery mteivened When no alteration in the mesenter}'^ ivas found 
at exploration, one to eight weeks later it was indicated as o in the table 
Shortening and thickening of the mesenteiy was indicated as -}- in the table 
It will not be necessaiy to give the piotocols of each animal, but that of 
Dog II will suffice to outline the pioceduie and piesent the findings 

Table I 

EXPERIMENTS ON PRODUCTION OF RETRACTILE MESENTERITIS AND ITS TREATMENT 




Hema- 

All 


Ljm- AH 

Artery 

toma 

Vessels 


phatics Vesse's Artery Vein 

and Hema 

+ 

Irnta Ligated 

Remarks 

Ligated Ligated Ligated Ligated 

Vein toma 

Irnta 

tion at 



Ligated 

tion 

Root 



1 

+ 

0 


+ 

0 



2 

0 ^ 

0’ 

0? 

0^ 




3 

+> 

+ 


0 




4 


+ 

0 

0 

0 


4* 

5 

+ 

+ 

0 





6 


+ 

0 


0 



7 

0 

+ 

0 





8 

0 

-b 

0 

0 

0 

0 

0 

9 

+ 

+ 

0 

0 

0 

0 

0 

10 

+ 


4-? 

0 

0 


4- 

II 

+ 

-f- 

0 

0 

0 

0 

12 


Died 

10 hrs 

po 




13 

? 

? 

? 

> 





14 


+ 


15 

16 

17 + 


4" 

o 


Electrosurpical 

No reformation 


Loops of bone! malteil 
together 
Electrosurfcical 

a No reformation 
Electrosurgical 

a No reformation 

Electrosurgical 

a No reformation 


18 

ig 

20 

21 


+ 


+ 

+ 


o 

+ 


Scissors n More exten 
sivc reformation 
Scissors n ■'lore etten 
sive reformation 
Scissors I? Reformation 
Scissors a Reformation 


’ Adhesions obacured obscrtations 


672 


Shortening and thicJ-cning of segment of mesentery 


o No change 



A olume 110 
Number 4 


RETRACTILE MESENTERITIS 


Protocol of Dog II This adult female had the follo^vlng expeiiments started, Noieinber 7, 

1938 

(1) On November 7, 1938, all \essels, arterj, vein and lymphatics, provimal to the third branching 
of a segment of the mesentery \\ere ligated together, in continuitj, with black silk On No\ ember iS, 
1938, at exploration, retraction and thickening of the mesenterj was found (Tig i [I]) There 
were no adhesions 

(2) After leaMiig an adjacent normal segment of mesenteiy as a contiol a hematoma, 2 cm 
m diameter, was produced between the leaves of the mesentery at the third branching by needling 
the vein On No\ ember 18, 1938, the hematoma had been absorbed and no change was found in 
the mesentery (Fig i [II]) 



Fig I — Dog ii Photographs of ligated regions of mesentery ii days after 
operation (I) All vessels ligated in continuity producing retraction of segment of 
mesentery (II) Mesenteric hematoma absorbed and no alterations in mesentery 
noted (III) Artery and vein ligated but no alteration in mesentery seen 

(3) An adjacent portion of the mesentery was left for control and then the artery and vein 
at the third branching were ligated together in continuity On November 18, 1938, no change was 
observed in the mesentery or bowel (Fig i [III]) 

(4) After another control segment of mesentery was left, the artery, vein and lymphatics were 
ligated together in continuity at the third branching On November 18, 1938, shortening and thicken 
ing of the mesentery and slight thickening of the bowel were found (Fig 2 [IV]) 

(s) After leaving an inteivening control segment of mesentery the lymphatics only were ligated 
in continuity at the third branching A note was made that the accompanying artery and vein were 
not constricted On November 18, 1938 slight but definite retraction of the mesentery was observed 
(Piff 2 [V]) 

(6) The vein was ligated at the third branching after leaving a segment of mesentery as a control 
On November 18, 1938, no change was noted in the mesentery (Fig 2 [VI]) 

(7) The lymphatics only were ligated at the first branching after leaving a segment of mescn 
tery as a control The accompanying artery and vein were patent On November 18, 1938, thickening 
and retraction of the mesentery and thickening of the bowel wall were found (Fig 2 [VII]) 

(8) A segment of mesentery was left as a control and then the artery alone was ligated at the 
second branching near the terminal ileum A small hemorrhage in the mesentery occurred at the time 
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of Ij^gation On November i8, 1938, the hemorrhage had been absorbed and no alterat.on was noted 
in the mesentery A small omental adhesion was found on the bowel near this region 

The animal was sacrificed, January ^o, 1939, at which time many omental adhesions to the small 
bowel were found They probably were caused by exposure and drjmg of the bowel and mesenten 
during photography ^ 


Swuiiiai y of Expejiiuental Results — The experimental findings in 22 
animals may be followed in Table I 

The lymphatics m a segment of the mesentery weie ligated in ii experi- 
ments In seven, there was definite shortening and thickening of the mes- 
entery and one showed dilated lymphatics but no retraction 



Pig 2 — Dog ii Ligated regions of mesenterj ii da>s after operation GJ 1 
All vessels ligated producing retraction and thickening of the mesen^rj . ' 

Some retraction occurred after ligation of lymphatics alone (yi) No change 
seen after ligation of the vein (VII) Retraction of mesentery and slight thicken 
ing of bowel after ligation ot lymphatics at second branching 

All vessels — artery, vein and lymphatics — ^in a segment of the mesentery 
were ligated m 12 experiments In ten, definite retraction of the mesentery 
occurred 

When only the artery was ligated, no retraction occurred m eight experi- 
ments In one, a questionable shortening of the mesentery was seen beneath 
an omental adhesion 

When only the vein w'as ligated, no change m the mesentery ivas noted in 
seven experiments In one, the mesentery w^as thickened and the omentum 
was adherent to the site of the ligation 
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Hematomata weie pioduced in the mesentery m thiee expeiiments but no 
redaction occuned In two otliei expeiiments, m which a hematoma was 
pioduced and the mesentery overlying the hematoma was rubbed with gauze, 
one showed letraction of the mesenteiy All hematomata were quickly 
absoibed 

When the mesentery was nutated with talc fiom gloves oi by rubbing it 
with gauze, letraction occurred six times m eight such expeiiments Ligation 
of all vessels at the loot of a segment of mesentery produced retraction twice 
in foul expel iments 

We, theiefoie, found that letiactile mesenteritis could be produced con- 
sistently when all vessels in a segment of the mesentery near the thud blanch- 
ing weie ligated Usually, it could be obtained when the lymphatics alone 
were ligated oi when the mesenteiy had been irritated oi tiaumatized It did 
not occui when the aiteiy or the vein, or when both aitery and vein, weie 
ligated Hematomata in the mesenteiy were absorbed and produced no 
letraction 

W e agree with Miloiie and Picco^’ ^ that the lymphatic stasis plays an 
uiipoitant pait in the pioduction of letraction of the mesenteiy 

Caieful histologic study of the mesenteiy and bowel in Dogs 8, 9, 17 and 
19 confiimed, m geneial, the findings of Milone and Picco In the latei 
stages, that is, two 01 moie months aftei ligation, we found an inciease of 
fibroblasts and elastic tissue fibeis just beneath the seiosa, wheie they formed 
an irregulai sheet fiom which long fibrous strands extended mtenoily 
Aiound some of the mesenteiic vessels the van Giesson stain showed a slight 
increase of fibi oblasts This fibrosis, limited to the outer or superficial pait 
of the mesentery, pioduced the leti action No definite alteiation was seen m 
the deeper areolai and fatty poition of the mesentery In some experiments, 
where all vessels in a segment of mesenteiy were ligated, the bowel showed 
slight thickening, with dilation of the lacteals and edema 111 the musculatuie 

Tieatment of RehacUle Mesenfeutis — The older wiiteis advised radical 
lesection foi retractile mesenteritis, and this seemed the only feasible proce- 
dure when the condition was extensive with angulation of the bowel, such 
as was found in our first case 

In our expeiiments, and in our second case, where the retraction was 
moderate and the bowel in good condition, satisfactory tieatment consisted 
of dividing adhesions and freeing the scarred contracted mesenteiy with the 
electrosurgical knife 

Clinically, we have preferred the division of adhesions after the method of 
Trowbridge^® who, m 1929, advised treating them with the electrosurgical 
knife 

In seeking pioper treatment foi letractile mesenteritis in animals, this 
method of Trowbridge’s seemed to be advantageous as compared with the 
customary freeing of scars and adhesions with the scalpel or scissors 

Although this compaiison m the treatment of retractile mesenteritis and 
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of adhesions was made m only eight expenments, definite conclusions could 
not be diawn at this time since we had not compared the two methods in 
the same animal 

Treatment by division with the scalpel oi scissors of omental and ines- 
enteiic adhesions and of letiactile mesenteritis was employed m four ani- 
mals No attempt was made to peritonize the law surfaces Subsequent 
explorations showed, in all four animals, reformation of adhesions and more 
leti action of the mesentery In two, the adhesions weie moie extensive after 
this foim of tieatment 

Employment of the electi osui gical knife, set foi slow coagulation, was used 
to sepal ate and fiee omental and mesenteiic adhesions and retractile mes- 
enteiitis m foui other animals Separation was made with ease by keeping 
the adherent areas under slight tension Subsequent exploration showed tliat 
the adhesions had not reformed in the cauteiized areas, and the scleiosed 
mesentery showed no oi only slight letraction 

Protocol of Dog 9 — An adult female, the following are the findings after the use of the electro 
surgical knife to separate adherent areas 

(1) On October 26, 1938 all vessels were ligated in continuity in a segment of the mesenterj at 
the third branch On November 3, 1938, the mesentery was found retracted There were no adhesions 
On December 5, 1938, the fine mesenteric scars were separated by electrocoagulation On December 
12, 1938, no adhesions and no retraction was found On January 20, 1939, no adhesions and no 
retraction was seen 

(2) On October 26, 1938, the Ijmphatics only were ligated in a segment of mesenter> On 
November 3, 1938, the mesentery was found shortened and thickened with dilated Ijmphatics on the 
surface of the involved bowel No adhesions were present On December 5, 1938, both sides of the 
contracted mesentery Mere touched lightly with the electrosurgical knife On December 12, 1938 and 
January 20 1939 no retraction had recurred and there were no adhesions 

(3) On October 2(5, 1938 the artery alone was ligated at the third branching On November 3 
1938, no changes were found On December 5, 1938, small collateral arterial vessels had developed 
around the point of ligation On December 12, 1938, and January 20, 1939. no further changes had 
occurred 

(4) On October 26 1938, the vein was ligated at the third branch On November 3, December 5, 
and 12 1938, and January 20, 1939, no changes were seen 

(s) On October 26, 193S, the arter> and vein were ligated together On November 3, December s> 
and 12, 1938, and Januar> 20, 1939, no alterations were noted 

(6) On October 26, 1938, a hematoma, about 2 cm in diameter, was produced between the third 
and fourth branchings On November 3, 1938, slight infiltration and discoloration was noted On 
December 5 , 1938, this region appeared to be normal and continued so when observed, December t2, 
1938, and January 20 1939 

(7) On October 26 1938, three Iiematomata were produced between the fourth and fifth branchings 
near the mesenteric attachment to the bowel On November 3, December S aud 12, 1938, and Januar> 
20 1939 the area appeared to be normal 

(8) On October, 26 1938 all vessels at the second branching were ligated On November 3, 1938, 
there was no retraction but lace like opaque areas were seen on the mesenter> On December s 1938. 
scars were divided with the electrosurgical knife On December 12, 1938, and Januarj 20, I 939 > a 
slight decrease in amount of scarring was noted 

Couiuients on Piotocol of Dog g — At tlie first operation extreme care 
WcLS taken in handling the bowel and in keeping it moistened with varm 
normal saline Gauze was applied only once to the mesentery to control ooz- 
ing at the site of a hematoma On December 5, 1938, at the third operation 
m the region where the fourth, fifth and sixth ligations were made, a large 
omental adhesion was attached to the bow^el w^all for a distance of three inches 
This adhesion was freed from the bowel by electrocoagulation (Fig 3) In 

676 



Volume 110 
Number 4 


RETRACTILE MESENTERITIS 



Fig 3 — Dog g Shows cluision of adhesions with electrosurgicil knife 



Fig 4 — Dog g January 20 ig3g Upper indicator lies over normal 
bowel to which omentum had been adherent Bowel freed from omentum 
with the electrosurgical knife one month previouslv A new omental 
adhesion had developed to normal adjacent bowel The lower indicator 
points to a free strand of omentum which had been freed from the mesen 
tery one month before by means of the electrosurgical knife 
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order to identify the areas divided, a black silk tie with ends 5 mm long was 
placed on the bowel where the omentum was freed Another similar tie u'as 
fastened to the omental stump The same treatment and similar identification 
marks were applied to another small omental adhesion attached to a small area 
of mesentery On December 12, 1938, at the fourth operation, the small bowel 
showed slight scarification of the serosa over the area freed from the omental 
adhesion A pencil-like strand of omentum was attached to the black tie on 
the bowel Another end of omentum had attached itself to the black tie on 
the mesentery where the other adhesions had been freed This formation of 
adhesions to the knot area has just been described in the expeiiments of 
Donaldson and Cameron On Januaiy 20, 1939, abdomen was opened 
and observation and photographs made Wherever electi ocoagulation had 
been used no adhesions were found Where the 1 etracted mesentery had like- 
wise been freed, scarring was present but no retraction persisted The only 
indications of electrocoagulation were several small yellowish scars in the 
serosa The area of bowel to which the omentum had been adherent showed 
no adhesion or scarification, and is indicated m Figure 4 by the match-stick 
on the bowel One new adhesion had formed near this area on normal bowel, 
probably from trauma and exposure The other match-stick points to a free 
omental tag previously sepaiated from the mesentery by electrocoagulation 
Although these experiments on the treatment of mild retractile mesenteri- 
tis and of adhesions are not conclusive, they at least suggest that electrosui- 
gical division of adhesions is fat superior to the customary division with 
scalpel or scissors Appaiently division by coagulation leaves dead tissue on 
the exposed surface with healing occurimg beneath before sepaiation of the 
scar This would prevent new points of adhesion 

CONCLUSIONS 

Retractile mesenteritis is no longer mentioned in the modern text-books of 
surgery 

Retraction of the mesentery is discussed in texts, as occurring in the re- 
cently described condition of regional enteritis 

One of our cases with retractile mesenteritis has been reported as a case 
of regional enteritis The other case also might be considered as a mild in- 
stance of regional enteritis 

European investigators have reported expeiiments in which retractile mes- 
enteritis was produced by mesenteric inflammation from bacteria, or by 
ligating mesenteric veins or lymphatics 

We found that retractile mesenteritis could be produced consistently ^\hen 
all vessels m a segment of the mesentery were ligated Usually it could be 
developed when the lymphatics alone were ligated or \\hen the mesenteric 

leaves had been irritated or traumatized 

Our experiments indicated that lymphatic stasis played an important part 
m the production of retraction of the mesentery, since it dicl not occur v hen 
the arteiy and vein, or each alone, \%ere ligated 
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Since mild degrees of letractile mesenteritis weie produced experiment- 
ally, radical lesection was not considered as the pioper treatment 

In the tieatment of experimental retractile mesenteritis and mtia-abdoni- 
nial adhesions, the electrosurgical knife was found to be supeiior to the cus- 
tomary division with scissois or scalpel 
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Discussion — Dr John Homans (Boston) Doctor Reichert’s skill with 
the fine needle has led him into a field into which very few of us are able to 
follow He was able experimentally, for instance, to reproduce, m a veiy 
practical way, what seems to have been a regional enteritis, and not satisfied 
with that, he has refined his experiment and produced chronic thickening in 
the mesentery by what seem to be impossibly simple means 

In that respect, it is rather interesting to speculate upon why lymphatics 
behave m this way, and that is my excuse for discussing this paper, for I know 
nothing whatevei about the cicatrizing changes in the mesentery I take it 
that most of us would notice them if our eyes weie open to them, but appar- 
ently we have not taken much note of them 

If lymphatics are divided on a large scale, as m experiments which Doctor 
Reicheit performed years ago, and the whole leg is encircled by an incision, 
they find no difficulty m crossing the scar, but apparently they are very sub- 
ject to disorganization foi other reasons If, for instance, one plugs up the 
lymphatics over a considerable area, they appear to go to pieces and the tissues 
which they dram tend to become first edematous and then indurated by the 
formation of new tissue 

Doctor Homans then showed a drawing made from a roentgenogram, 
taken following the injection of hpiodol, demonstrating the veins of the dog’s 
leg, with the lymphatics outlined m black One could see, at a point behind 
the knee, a lymph node with a large number of entering vessels, and at a 
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point nearer the body, a place where one ought to be able to interuipt most of 
the laige lymphatics ^ 

A second i oentgenogram was shown of an animal whose principal Ivinnh 
vessels had been tied off Perhaps ten days or a week afterward, the animal 
was given thoiatiast in its paw, which demonstrated the lymphatics which 
appealed to be quite orderly vessels of rather large size 

Apparently, with time, these obstiucted vessels dilate, losing the use of 
then effective valves, which was demonstrated by a roentgenogram taken 
some foul or five weeks afteiwaid, in which one could see traces of the thora- 
trast and peihaps the remains of the laiger vessels, as if they weie dilated 
and had succeeded in absorbing only a very little thoiatrast 

Doctor Homans took this to indicate that once the lymphatics have been 
interiupted and have been unable to leform, they tend to become disorganized, 
and perhaps that is the leason why, for anatomic leasons, of which we know 
veiy little, m certain parts of the body, possibly because of the presence of 
terminal vessels, quite remarkable effects can be pi oduced by division of these 
vessels 

Of couise the by-pioduct of this investigation was perhaps as interesting 
a pait of It as any, namely, that the division of adhesions by the coagulating 
cuiient was a very efficient way of dealing with intrapei itoneal bands 


Dr Arnold Schwyzer (St Paul, Minn ) I was impressed when I heard 
that simple ligation of the lymphatics in the mesenteiy causes retiactile mes- 
enteritis We all have seen in cases of appendicitis m the lowest ileum loop 
now and then a mai ked reti action of the mesentery, but where is the origin ot 
a legional ileitis or a letractile mesenteritis faither up^ That could be a 
problem 

I saw two cases which might give a clue, and that is why I rose The 
two cases, one a veiy recent one, were of acute appendictis, and in both 
instances was found a large abscessed node at the i oot of the mesentery Now, 
you would expect that these nodes would be located right at the ileocolic 
junction, but nothing of the kind There was no diiect connection between 
the appendix and the abscessed nodes, which m one case was m the inidlme 
above the promontoiy In the second case, it was even a little to the left of the 
midlme I suppose that the whole area of lymphatics was affected and over 
the lumbar veitebrae some mechanical damage was added, which caused a 
breaking down of a node with abscess formation 

In this way, one can think that even faither up on the ileum an appendi- 
ceal infection may be the primarj^ cause of a regional ileitis and letractile 
mesentei itis 


Dr Martin B Tinker (Ithaca, NY) I would like to discuss electro- 
surgerj'^ in abdominal cases There must be several here who attended the 
symposium at the College of Suigeons in Philadelphia some five or six years 
ago, at wdnch the question of electi osurgery was discussed and its advantages 
were hi ought forward It seems that the men who have profited most b) 
using electi osuigeiy have been interested in neurologic surgery, and who, uitb 
Cushing’s lead, have used it veiy extensive!} 

I have been impressed, howevei, with its value in abdominal conditions, 
such as Doctor Reicheit mentioned Three patients who came in uitli recur- 
rent intestinal obsti uction had been operated upon two and three times before, 
u ithout peimanent i esults the obstruction recuiring It seemed that the more 
favoiable results following electrosurgei y in fieemg adhesions in these cases 
was the factor that gave permanent results In several cases the} have 
remained well tw^o and three years following operation, or longer, where 
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recall ence had followed piomptly pieviously Doctoi Reichert’s expei iinental 
studies coiifii m and explain clinical experience 

Dr John A Wolfer (Chicago) I believe we all recognize that the 
lymphatic system, especially as it exists m the mesentery of the bowel, is a verj^ 
complex one I believe it has been pi oven by a numbei of men that if dyes 
or opaque materials aie injected into a segment of bowel oi its mesenteiy, 
and the lymphatics m the immediate zone aie obstructed, that the opaque 
mateiials take a rather circuitous loute and eventually airive m the mam 
lymphatic channels oi nodes proximal to the site of obstruction I am wondei - 
mg if the fact that theie is a veiy rich collateral lymphatic ciiculation in the 
mesentery was taken into considei atioii m arriving at conclusions 

Dr F L Reichert (San Fiancisco) I wish to thank the membeis foi 
their discussion and to answer Doctoi Wolfer’s question The amount of bowel 
involved m a ligation usually was between two and thiee inches, and fiom oui 
previous woik we felt that this degiee of involvement took in all of the lym- 
phatics of that pait Of course there is anastomosis on eithei side That also 
developed when we ligated all of the structures in that region 
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I St empmsized by F C Helwig and his associates s At the time of tl.e,r 

mteest w«ra' t T observations of 

creatinine and ™”’'‘ “ "porosis of the liver with extensive retention of 

bad T ^ ‘ oepbiosis The patient was a boy, age 15 who 

had received a severe automobile injury He died 11 days following the acci- 
IS principal clinical symptoms were a tenipei atiire of 102 8" F vomit- 
mg, secondary anemia, leukocytosis, jaundice, almost complete suppression of 
, g neralized edema, moderate abdominal distention, and red blood cells 
and albumin m the mine The nonprotein nitiogen was 240 mg and the 
creatinine 25 mg per 100 cc of blood befoie death Operation on the sixth 
day revea ed a large quantity of bloody, bile-stamed fluid in the abdomen An 
autopsy showed a laige aiea of pulpified hvei tissue in the right lobe, laige 
swo ten kidneys, blood- and bile-stamed ascitic fluid, bloody fluid m the pleural 
cavities, paienchymatous and subpleinal hemorrhages m the lung, and sub- 
serous and submucous hemoirhages in the large intestine Microscopically, 
t le amaged liver showed extensive necrosis The patliologic changes observed 
m the kidneys were leukocytic infiltration m the medullary poition, mteistitial 
hemorrhages, dilated small vessels, led cells m the tubules of the medulla, 
cloudy swelling, albuminous precipitate and pale casts m the collecting tubules, 
parenchymatous degeneration in the convoluted tubules and loops of Henle 
swelling of the glomerular epithelium with red cells between the tuft and 
capsule, and polymoiphonuclear leukocytes in the capillary channels 

At the time of the above report, only one case of liver trauma was found 
recorded in the literature, which had been carefully studied from the stand- 
point of its relation to kidney damage Fui twaengler^ reported this case m 
1927, from Professor Clairmont’s Clinic m Zurich He described a diffuse 
cortical necrosis of both kidneys following a severe injury to the liver, which 
lesulted in death m three days He recognized the relationship between liver 
damage and renal necrosis and explained the latter on the basis of an ischemia 
produced by a chemical toxin hbeiated m the blood stream as a result of 
decomposition of hepatic tissue He believed that vascular spasm followed by 
ischemia produced the renal necrosis Henschen" mentions that Volkman- 
Munster has seen a case of gunshot wound of the liver and that he has obsen ed 
a case of liver rupture, both of which died of lipoid degeneration of the kidneys 

* Read before the American Surgical Association, Hot Springs, ^'’a, Maj n, 12, 

13, 1939 
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In 1930, McKnight® leported a case of severe liver tiauma which had a blood 
urea as high as 268 mg per 100 cc of blood The urine on admission was 
entirely normal but at various times later showed sugar, albumin, and hyaline 
and granulai casts He considered the high blood ui ea as evidence of gasti 0- 
mtestmal stasis and mentioned that it might have been associated with lenal 
impairment In 1930, Stanton'' also recorded the case of a young man v ho died 
47 houis after a traumatic lupture of the livei with a tempeiatuie which 
leached 105 6° F m 22 houis after the accident He lemaiks that this case 
piesented a clinical picture similai to that seen in the rapid deaths following 
gallbladder operations and was inclined to believe that similai factors weie 
operative m his case No blood studies were made and no pathologic changes 
in the kidneys were mentioned In 1934, Rosenbaum® observed a patient with 
lethal anuria following liver rupture His patient was a male, age 65, who 
died 30 hours following an accident Extensive epithelial degeneration was 
found in the collecting tubules of the kidneys Death was attributed to 
nephrosis with anuria Helwig and Schutz® added another case repoit in 1935 
The patient was a male, age 61, who had been injuied m an automobile acci- 
dent His principal signs and symptoms were pain in the right chest, a tem- 
perature which ranged from 99° to 102° F , tenderness ovei the light ribs and 
right abdomen, abdominal distention, slight edema, diminished urinaiy output, 
and albumin, hyaline casts, and red blood cells m the urine On admission to 
the hospital soon after the mjuiy, the urine, blood, and blood chemistry weie 
normal The third day after the accident the blood nonprotem nitrogen was 
75 mg and the cieatmine 3 mg per 100 cc At autopsy extensive laceiation 
of the livei with some pulpefaction was found The hvei cells showed vaiying 
stages of necrosis and disintegration Cloudy swelling, vacuolar degeneration, 
and loss of nuclei of the tubulai epithelium weie the outstanding histologic 
changes m the kidneys In a general discussion of “liver death” in 1935, Boyce 
and McFetiidge^® recorded three cases of gunshot wound of the liver and one 
case of liver injury due to automobile accident in which the temperature 
leached 105 4° to 108 2° F These patients all died, but no pathologic studies 
were made Two other cases of severe hvei injury following automobile acci- 
dents revealed at autopsy typical degenerative changes 111 both liver and 
kidneys In one of these cases the jaundice was quite marked with an icteric 
index of 210 Becker^^ reports a case from Henschen’s Clinic m Basel His 
patient was a male, age 27, who had been injured in an automobile accident 
The patient died six hours following operation, m less than 24 hours following 
the injury A large laceiation was found m the right lobe of the liver Micro- 
scopic examination of the kidneys showed parenchymatous degeneration of the 
coitex and neciosis of the epithelium of the convoluted tubules He attributed 
these changes to a pathologic relationship between the damaged liver and the 
kidneys Blood studies were not recorded 

Five cases of liver injury associated with kidney damage are reported 
herewith Four cases were studied in the University of Kansas Hospitals, 
Kansas City, Kansas, and one in St Luke’s Hospital, Kansas City, Missouri 
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CASE REPORTS 

Case I —E T, white, male, age 17, was injured in an automobile accident, Decem- 
ber 18, 1032 He was admitted to the hospital at once, in a mild state of shock uitli 
tenderness and rigidity of the right upper abdominal muscles Three hours after the 
accident he was operated upon and a deep laceration was found m the inferior surface 
of the right lobe of the liver There was a large quantity of blood in the abdomen 
The wound in the liver was packed with gauze and the abdomen drained With multiple 
transfusions his condition improved He was delirious for three days A Sh eptococcus 
hcmolyttcJis infection developed in his wound which delayed recover}^ At the end of 
four weeks an empyema was drained which showed a culture of Staphylococcus ameus 
and Staphylococcus hemolyticns During the height of his infection his fever reached 
104° F He recovered and was discharged from the hospital at the end of three months 

The urine contained albumin and pus cells Blood chemical studies on the day fol- 
lowing the injury showed a nonprotem nitrogen of 82 mg and creatinine of 4 mg per 
too cc These changes returned to normal on the fourth postoperative daj (Table I) 
The second day following the accident the icteric index was 10 

Case 2 — T J , male, age seven, was struck by an automobile. May 16, 1933 He 
was brought immediately to the hospital in a profound state of shock There were abra- 
sions on the right abdominal wall, forehead and leg Some blood cells were found in 
the urine His general condition improved with transfusions and infusions Restlessness 
and delirium were marked symptoms throughout his illness An abdominal exploration 
was made 24 hours after the accident The abdomen was filled with blood A deep 
laceration was found extending far back into the inferior portion of the right lobe of 
the liver There was some retroperitoneal hemorrhage about the right kidney Bleed- 
ing from the liver was controlled with a gauze pack The highest temperature recorded 
during the first three days was 105 4° F A slight cyanosis developed and oxygen 
therapy was given Infection developed in the wound which showed a Staphylococcus 
auteus and a nonhemolytic Streptococcus During the course of the illness blood cells 
in the urine decreased and coarsely granular casts and occasionally a few pus cells 
appeared Granular casts were found in the urine thioughout the illness The blood 
count showed a leukocytosis and secondary anemia. The day after injury the nonprotein 
nitrogen reached 131 mg and the creatinine 4 i mg per 100 cc of blood Qianges in 
blood chemistry returned to normal on the sixth day of the illness (Table I) Death 
occurred on the eleventh day following the injury Autopsy showed an irregular lacera- 
tion 12 cm long in the superior portion of the right lobe of the liver extending through 
to the inferior surface There were also infarction and early pulpification of the liver, 
thrombosis of the renal veins with infarction of the right kidney, compensatory hjper- 
trophy of the right kidney, perirenal hemorrhage, hemopencardium, acute serofibrinous 
pleurisy, atelectasis of the lungs and acute generalized peritonitis 

Pathologic histology of the injured area of the liver revealed marked necrosis, 
vacuolization of liv^er cells, edema, infiltration with polymorphonuclear and mononuclear 
leukocytes, proliferating bile ducts and organizing exudate on the surface The changes 
in the kidnev's were cloudy swelling distention of convoluted tubules, congestion of 
glomerular tufts, hemorrhages m the medulla, hj aline casts in the tubules, edema, 
atrophy of some of the convoluted tubules, some infiltration with mononuclear leukocjtcs, 
occasional polymorphonuclear leukocytes in the collecting tubules, coagulation necrosis m 
the infarcted area of the kidne}', and thrombi m the renal veins 

Case 3 — R V H, white, male, age 23, was injured, June 27, 1933. bj being thrown 
from a truck He was admitted to the hospital within two hours, in a state of shoe 
Examination revealed a fractured rib, subcutaneous emphvsema, abrasions of the ng t 
leg, and tenderness and rigidity over the right upper abdomen Blood was found in the 
urine Roentgenograms showed partial collapse of the right lung Two transfusions vvere 
given and at the end of nine hours after the injury the abdomen was explored i/>c 
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Table I 

BLOOD CHEMICAL STUDIES IN FIVE CASES OF HEPATIC TRAUMA 
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abdommal cavity contained a large quantity of blood The round ligament was com- 
pletely torn from the abdominal wall and there was a deep laceration far back into the 
inferior surface of the liver extending toward the hilum Hemorrhage had almost ceased 
There was some blood in the retroperitoneal tissues about the right kidney The wound 
m the liver was packed with gauze Following the operation the patient was quite ill for 
five days Restlessness and delinum were sufficiently pronounced to require restraint 
After the sixth postoperative day improvement was rapid He made an uneventful 
recovery with the exception of a mild wound infection The highest temperature during 
the first three days was 1042° F 

The blood found in the urine on admission disappeared m two days, and granular 
casts were found at later examinations Blood counts showed a leukocytosis and sec- 
ondary anemia There was a slight increase in the blood nonprotein nitrogen and 
creatinine the afternoon of the day of admission In 24 hours after the injury the non- 
protein nitrogen was 65 mg and the creatinine 2 3 mg per 100 cc of blood The changes 
in the blood chemistry returned to normal in five days (Table I) 

Case 4 — P H , male, age lo, was brought immediately to the hospital after having 
been injured by the wheel of a truck passing over his abdomen He was in extreme 
shock There were abrasions over the four lower ribs on the right and over the upper 
right lumbar area The abdomen was rigid and tender He was given a transfusion 
followed by infusion of dextrose in saline solution The following morning his hemoglobin 
was 66 per cent and he was given another transfusion Some dulness was noted in the 
flanks A roentgenogram showed cloudiness at the base of both lungs He vomited 
several times A small quantity of blood was noted in the vomitus Six hours after the 
injury he was quite irrational with a rising temperature which reached 1042° F before 
death, 17 hours after the accident Just before death he had a convulsion The urine 
showed pus cells and hyaline and granular casts Twelve hours after the injury the 
nonprotem nitrogen was 85 mg and the creatinine, 2 3 mg per 100 cc of blood (Table I) 

At autopsy there were found a deep laceration in the dome of the right lobe of the 
liver, laceration of the spleen, blood m the abdominal cavity, retroperitoneal hemorrhage, 
pulmonary hemorrhage and edema and hemorrhage into the right adrenal An area of 
liver tissue was macerated and grayish brown in color Microscopic study of the liver 
showed diffuse necrosis of the injured portion with some inflammatory reaction There 
were cloudy swelling of the kidneys and vacuolar hydropic changes in the cells of the 
convoluted tubules The glomeruli were normal There was some congestion of 
the stroma 

Case 5 — A male, age 49, was admitted to St Luke’s Hospital, Kansas City, Missouri, 
June 22, 1936, on the service of Dr E L Miller He had been kicked over the liver b> 
a man, seven days before admission Pam in the abdomen was immediate and grew 
worse gradually until he called a physician on the seventh day, when he was sent to the 
hospital His general appearance indicated dehydration Examination revealed general 
abdominal tenderness which was more marked in the right upper quadrant His hemo- 
globin on admission was 84 per cent and the following day was 81 per cent Some 
abdominal distention had developed but no evidence of blood in the peritoneal ca\ity was 
demonstrated Operation for ruptured liver was considered but because of his generally 
good condition this was deferred With sedatives and parenteral liquids he showed 
gradual improvement and was discharged from the hospital in 12 days without operation 
The highest temperature was 99" F The urine showed albumin, occasional hyaline casts, 
and a few red blood cells and pus cells for six days following admission to the hospita 
When he entered the hospital the nonprotem nitrogen was too mg and tlie creatinine 
4 5 mg per lOO cc of blood The changes m the blood chemistry persisted with shg 
increase in the creatinine to 6 2 mg for four days and gradually decreased to 54 mg 0^ 
nonprotem nitrogen and 2 mg of creatinine the daj of discharge from the hospita , 12 
daj'S after the accident Twentj-one dajs after the injurj the blood chemistrj vas norma 
(Table I) 
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Results of E^penmentation — As soon as a relationship between livei 
injury and lenal disease was noted, expeiiments weie planned to leproduce the 
condition in animals Helwig and Schutz attempted to traumatize the livei s of 
dogs without bieaking the liver capsule They found it quite difficult to pio- 
duce pulpefaction of the liver similar to that obsei ved in patients Dogs used 
for this work died quickly of shock aftei liver tiauma In dogs dying within 
12 hours, they found an increase m the nitrogenous products of the blood and 
albumin, casts and red blood cells in the mine The high levels in the blood 
nitrogen noted m clinical cases w'ere not found Animals living seveial days 
showed a progressive oliguria Necropsy of animals dying within 12 houis 
showed parenchymatous degeneration of the moie highly diffeientiated tubulai 
epithelium of the kidneys and a maiked hemoirhagic necrosis of the livei 
They believed that their expeiimental results were sufficiently definite to sub- 
stantiate the theory that some potent poison is elaborated by neciotic hvei 
tissue which has a specific effect upon the kidney parenchyma These authors 
were also able to demonstrate similar changes m the urine and blood aftei 
temporal y ligation of the hepatic arteiy in rabbits They have piesented then 
clinical, pathologic, and experimental obsei vations as a definite “hver-kidney 
syndrome ” 

Boyce and McFetiidge attempted to reproduce the “hepatoienal syndrome” 
in animals by traumatizing the liver, and experienced the same difficulty as 
Helwig and Schutz The changes found m the blood and urine confiimed the 
findings of the latter authors Similar results were obtained by PyteP- in a 
series of expeiiments on 58 rabbits He pointed out that theie is a phylo- 
genetic, anatomicophysiologic and pathologic relationship betw^een the livei and 
kidneys He concluded that injury and disturbance of liver ciiculation pro- 
duced a symptom complex in animals analogous to the hepatorenal syndrome 
observed m man Liver trauma was produced in a senes of white rats and 
rabbits by Adler His animals developed oliguria and anuria An increase 
m the rest nitrogen was observed in the rabbits The kidney changes noted 
were cloudy swelling and vacuolization of the tubular epithelium Fat droplets 
were demonstrable with sudan stain Small groups of round cells were seen 
about dilated blood vessels He was able to prevent the aiiuiia and increase 
in rest nitrogen m rabbits by injecting “peihepar ” 

Discussion — The relationship between liver and kidney damage incident 
to gall tract disease has been many times recognized in cases of suspected livei 
death following operations It is probable that the same syndrome occurs in 
other diseases, especially those within the abdomen In a recent (1939) 
review of the hepatorenal syndrome, Wilensky^^ recognized a wude variety of 
hepatorenal symptoms and/or lesions including those due to chemical poison- 
ing, abnormal physiologic states, infections, and disturbances of the ductless 
glands A simdar relationship exists betw’'een a traumatized liver and the 
kidneys It has been generally believed that the liver, when severely injured 
by disease or trauma, produces a soluble toxin wdiich causes definite pathologic 
changes in the kidneys Boyce and McFetridge doubt the specificity of this 
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toxin but consider that the kidneys suffer in the fulfillment of the abnormal 

duty placed upon them They recognize the possible direct effect of the toxin 
on the kidney tissue 

The five cases of livei trauma described here all manifested some degree of 
toxic effect upon the kidneys as shown by an inci ease in the blood of the non- 
pi otein nitrogen and creatinine and albumin, pus and casts m the mine In 
the two cases examined at autopsy, changes similar to those already leported 
were observed in the liver and kidneys It is interesting to note the rapidity 
with which the changes in the blood and urine occurred aftei seveie livei 
injuiy In less than 24 hours a retention of nitiogen was present and 
albumin, casts, frequently pus and eiythrocytes appealed m the mine Helwig 
and Schutz observed these lapid changes m the blood and urine of dogs d>ing 
within 12 hours aftei the hvei was tiaumatized 

It IS difficult to believe that infection is a factor in the liver and kidney 
changes The thiee patients operated upon all had infected wounds, but 
the changes noted in the blood and uiine were piesent before the infection 
developed In Case 2, a general peiitonitis was found at autopsy but the 
changes in the blood chemistry had returned to noimal befoie death It is 
believed that the cause of death in this patient was not due directly to the 
toxic effect of the liver trauma but to the complicating infection In Case i, 
the changes in the blood returned to normal although the patient developed 
a seveiely infected wound and later an empyema from which lie recovered 
In Kiieg’s^® analysis of 60 cases of hepatic trauma, he concluded that the 
evidence pointed to a toxic condition on an unmfective basis Blood and 
urine studies were not reported by Kiieg 

From the clinician’s standpoint the practical value of the blood and urine 
findings incident to liver trauma aie worthy of consideration Although 
the nitiogen retention in the blood develops early following liver damage, 
the unpoitance of early opeiation to contiol hemoirhage would negate the 
value of the changes in the blood and urme as a diagnostic aid in many 
cases However, in those cases in which bleeding is slow and the condition 
of the patient wai rants a few hours’ delay to establish the diagnosis of liver 
injury, the changes in the blood and urine may be of some diagnostic value 
In Case 2 of this series, operation was delayed 24 hours, during which tune 
the nonprotein nitrogen rose to 131 mg and the creatinine to 4 i mg per 
100 cc of blood This patient had othei injiuies complicating the picture, 
but knowing that such blood changes are associated uith liver damage aided 
in confirming the diagnosis of liver rupture Fiequent estimations of the 
nonprotein nitrogen and creatinine may be of definite value in the piognosis 
Ceitainly an increase m nitrogen retention indicates an increase in toxicity 
Significant changes m the blood sugar, chlorides, or carbon dioxide combining 
power were not found Delirium may be an outstanding symptom as observed 
m four of the patients reported After a few days a hemorrhagic tendcnc} 
develops similar to that observed m patients with jaundice 

In contrast to the above reports, EranclF« has recently described two 
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cases of seveie liver injury, one of which lost appi oxnnately one-half of 
the livei and the other was closed after opeiation with a poition of neciotic 
liver remaining in the abdomen Branch states that the uiine and blood 
chemical studies m his fiist case were noimal Both of these patients 
lecovered after operation He concludes that a consideiable poition of 
the liver must be destioyed before the so-called “liver-kidney” syndiome 
will appeal 

The treatment of severe livei trauma is the treatment of shock plus 
operation to contiol bleeding and administi ation of dextiose to maintain 
liver glycogen and piomote diuiesis The quantity of sodium chloride given 
must depend to some extent upon the quantity lost by vomiting Usually 
the administration of chlorides is not an important factor in treatment 

CONCLUSIONS 

All evidence presented, both clinical and experimental, leads to the con- 
clusion that a traumatized liver may elaborate an unknown toxic substance 
which directly affects the kidneys producing both pathologic and functional 
changes 

The five cases here lecorded emphasize the impoitance of careful blood 
chemical and urine studies It is suggested that these studies aie of definite 
prognostic value and m some cases may aid m the diagnosis of livei trauma 

These reports indicate that a considei ation of the piognosis and tieat- 
ment of livei trauma must not only include hemorihage, shock, and com- 
plicating infection, but, in addition, a toxic factor produced by the damaged 
liver cells which diiectly affects the kidney parenchyma, causing an increase 
in the blood iionprotem nitrogen and cieatinine, the appearance of albumin, 
casts, pus, and frequently led blood cells in the urine, and a decrease m the 
urinary output 
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Discussion — Dr Warren H Cole (Chicago) This is a very intriguing 
subject which Doctor Orr and Doctor Helwig have brought up, I have been 
much interested in it ever since their initial report, although, as Doctor Oir 
said, some of their points are conti oversial I have become convinced that 
the syndrome is a definite entity Part of their hypothesis is dependent upon 
the supposition that the devitalized liver tissue results m the foimation of a 
toxic product acting diiectly on the kidney The complex nature of the 
chemical substances making up the liver, and the fact that we have plenty 
of evidence that on other occasions toxins may develop in tissue during the 
process of its degeneration 01 neciosis, are points suppoiting then hypothesis 
Moreover, we can ail call to mind innumerable substances which, when given 
to animals, have a lather specific toxic action on the kidnej 

By analogy, I wish to offer further evidence supporting this traumatic 
hepatoienal syndrome by compaiison with a patient who had the so-called 
hepatic insufficiency syndrome, but of the nontraumatic type This patient 
was a male, age 28, with Banti’s disease, a very large spleen, jaundice, and 
ascites At operation, a splenectomy was peifoimed The liver was found 
to be small and very badly scaned The operative course foi three days 
was very satisfactory Then, on the fouith day, he began to become delirious 
and developed a fever, became nauseated, began to vomit, and a few days 
later coma developed During all this time there was marked leukocytosis 
At first the urine was negative, as it had been on entry, but after a few days, 
the N P N began to rise with a maximum of about 100 , in the last feu 
days albumin and blood appeared He died on the sixteenth postoperative 
day, autopsy was performed The microscopic section of the liver showed 
area's of neciosis of the liver cells This necrosis was spread throughout 
the entire liver section, and there was an entii e disarrangement of the cellular 
pattern The microscopic section of the kidney showed a marked tubular 
degeneration with numerous hemorrhages throughout the kidney 

Summarizing, the pathologic changes m the liver and kidney along uitli 
the progress of this patient show a marked similarity to the mamfestations 
and pathologic findings m the traumatic cases described liy Dr Orr it it 
is granted that the severe renal manifestations and pathologic changes seen 
m nontraumatic hepatic insufficiency of the type illustrated 111 the case jus 
cited are a part of a hepatorenal syndrome, it would appear just as Dgica 
to consider the renal changes in Doctor Orr and Doctor Heliiigs traumatic 
cases likewise as a part of a hepatoienal s>ndrome 
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Dr Frederick A Colder (Ann Aiboi, Mich ) I am delighted that 
Doctor Oir has taken up a study of this hepatoienal syndiome, because up 
until the piesent I have lemamed very much ummpiessed by those who have 
written on the subject In fact, I have nevei been convinced that this entitv 
exists However, Doctoi Orr has been light so many times that I am 
foiced to leconsidei and peihaps admit mj^self wrong 

Theie is no question about the facts Of couise, the only thing on which 
one might diffei is an explanation of why they occur Is there a toxin, or 
aie theie othei causes that might explain this high nonpiotem nitiogen and 
the changes in kidney and urine? 

Foimeily, we always blamed the kidney foi all of these blood aiteiations 
that have been mentioned, but it is now known that theie aie many causes 
of extiaienal azotemia Theie are at least five mechanisms that may well 
cause a rise in nonpiotem mtiogen in the blood 

It has been shown that a diop m blood piessuie will cause a maiked 
diminution in the uiine volume, which diminished directly with this fall in 
blood piessuie until a systolic value of about 77 Mm of meicury is 1 cached 
It IS entiiely conceivable that 111 states of suigical shock associated wuth dis- 
ease 01 accident, this may play a part m diminishing uiinaiy output and 
causing a mtiogen letention 

Hypochloieniia and hj^ponatremia associated with vomiting, fistulae 
diaiihea, ascites 01 shock may be associated wuth use in blood pioteids, 
although it has been suggested that sodium loss causes dehydration, wdiich 
in turn wall inciease the concentiation of the blood 

We rathei commonly find high^ nonpiotem mtiogen values from the blood 
associated with alkalosis due to pyloiic obstruction and peiitomtis Dehydia- 
tion will cause a concentiation of the blood and all of its elements Lashmet 
and Newbuigh liave shown that in noimal conditions the kidneys excrete 
35 to 40 Gm of solids a day This lequiies at least 500 to 600 cc of urine 
for kidne3's woiking at their maximal concentiation If the output is less 
than this, 01 if the kidneys have a deci eased concentiatmg solution, theie 
will be a mtiogen letention 

We earned out studies on healthy individuals who submitted to voluntar)’’ 
abstinence fiom watei foi seveial days, and it was found that there w^as a 
veiy definite use m the nonpiotem mtiogen of the blood caused by this 
mild type of dehydration The uiine showed very maiked changes, the 
piesence of albumin, iiici eased casts, and led blood cells 

About thiee yeais ago, there weie a numbei of papers published m 
wdiich It was alleged that acute nephritis is frequently associated with acute 
cholecystitis One obseivei leported eight cases wath acute cholecystitis that 
died of acute nephiitis A typical histoiy of one of these cases luns about 
as follows A w’-oman, admitted to the hospital m a typical attack of acute 
cholecystitis that had been piesent foi three da3fs During this time she had 
not been able to eat 01 dunk and had been vomiting On admission to the 
hospital the patient w^as given half a liter of 50 pei cent glucose and the 
followang seveial days until her death, she %vas given about a litei of salt 
solution 

In comment, one may sa3^ that the patient entered the hospital dehjdrated 
Alas furthei deh3'^diated b3'’ the administration of h3pertonic solution and 
Avas giA'-en inadequate fluids from then on The uiinary changes undoubtedh 
A\eie entirely due to this drastic deh3'dration caused b3' disease and Ity treat- 
ment This of couise does not appty to the patients presented 113 Doctor 

691 



ORR AND HELWIG AnnalsotSurccn 

October 1039 

Oir but I relate it to show that dehydration may well produce distinctly 
abnoimal urine 

Protein catabolism if increased is reflected by an mciease in the uiinary 
excretion of nitrogen This occurs with large abscesses, septic inflammations 
such as pneumonia, peritonitis, septicemia, or even associated with severe 
suigical trauma Damage to the hvei itself, such as in cases of acute yellow 
atiophy, may cause a marked rise in the meno-acid nitrogen, and I am 
veiy inclined to believe that the damage to the Iivei m the cases presented 
by Doctor Orr may well play a part in producing the azotemia and abnormal 
uiinary findings 

In short, it is my belief that while there may be a specific toxin generated 
by the injured liver that acts directly upon the kidneys, I think that in cases 
with hvei damage we must remember that infection, fever, low blood pres- 
sure and dehydiation may well be factors in causing nitrogen retention and 
in pioducing the urinary abnormalities that have been presented to us to- 
day, and certainly further studies, with these other factors in mind, must be 
made before we have definite proof of the existence of the hepatoienal syn- 
drome as a clinical entity 

Dr Thomas G Orr (closing) I have piesented these cases as they 
are without any effort to explain the hepatorenal syndrome I think that 
Doctoi Coller would be the man to explain the mechanism of these changes 
in the hvei and the kidney A short time ago, Wilensky reviewed a large 
group of conditions which he thinks produce this so-called hepatorenal syn- 
drome I am not prepaied to accept the condition wholesale, because there 
are so many othei factors to be taken into consideration Lastly, I am very 
happy that Doctor Coller now has become hepatorenal minded 
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CONTROL OF POSTOPERATIVE BLEEDING IN OBSTRUCTIVE 

JAUNDICE^ 

J D Stewabt, M D , G M Rourke, B A , 

AND 

A W Allen, BI D 
Boston, M\ss 

FROM THE SURGICAL LA.BOHATOHIES OF THE H IRVABD MEDICAL SCHOOL 4T THE M VSS ICUUSETTS OFNEIUL II0S1IT^L, 

BOSTON, MASS 

Much convincing experimental and clinical evidence has been adduced 
duiing the past five years bearing on the mechanism of pathologic bleeding m 
obstructive jaundice Such bleeding has been shown to depend upon i e- 

duction m plasma piothiombm, which is piobably pait of the globulin fi action 
of plasma protein, formed by the livei A fat-soluble substance, oi substances, 
rathei widely distributed m animal and vegetable fats and called vitamin K by 
Dam® must be absorbed fioni the gastro-intestinal tiact in the presence of 
bile salts foi maintenance of noimal piothiombm concentration This meta- 
bolic process may be distuibed by factois depressing liver function, by lack 
of bile salts m the intestine, by insufficient intake of foods containing vitamin 
K, and piobably by too rapid movement of the intestinal stieam oi too little 
absoiptive intestinal mucosa These considerations have a direct beaiing on 
the contiol of the bleeding tendency in obstructive jaundice 

The data heiewith presented weie obtained in the management of cases 
of obstructive jaundice at the Massachusetts Geneial Hospital duiiiig the past 
12 months 

Methods Employed — These have been previously described ® The 
method of Warnei, Bnnkhous and Smith, with modifications as described, 
has pioved entirely satisfactory in the detei mmation of plasma prothiombin 
Measurement of plasma prothrombin, biliiubin and fibiinogen were made at 
fiequent intervals before and after opeiation The vitamin K extract used 
in this woik was prepared from fresh spinach according to the method of 
Dam, and was mixed with sodium glycocholate and sodium taurocholate and 
put up in gelatin capsules containing o 2 Gm Each gram of the mixture was 
composed of 045 Gm sodium glycocholate, 045 Gm sodium taurocholate, 
and OI Gm of vitamin K extiact derived fiom 200 Gm of fresh spinach 
The same lot of vitamin K-cholic acid mixture has been used throughout 
the woik In seveial instances a commercial pieparation of vitamin K ex- 
tracted from alfalfa (Klotogen, Abbott) has been used with satisfactory re- 
sults 

Residts Obtained — In Chart i appear data showing a dramatic imprme- 
ment in prothiombin concentration and cessation of bleeding on administration 

* Read before the American Surgical Association, Hot Springs, Va, Ma% ii, 12, 13, 

1939 
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of vitamin K-choIic acid mixture m obstructive jaundice This patient had 
been operated upon a week previously and had not been given vitamin K 
When first studied theie was massive bleeding fiom the wound, and the pro- 
thrombin concentration uas extraordinarily 
low, 9 8 per cent Bleeding ceased and did 
not recur after vitamin K-chohc acid mix- 
ture was given the patient Blood trans- 
fusion was given three days later to le- 
store hemoglobin values Plasma fibrinogen 
showed little change during the period of 
observation 

Chart 2 shows prothrombin, fibrinogen 
and bilirubin values at various points in the 
management of a case of common duct ob- 
struction from stone The prothrombin level 
rose rapidly to a normal figure on giving 
vitamin K-cholic acid mixtuie before opera- 
tion The usual immediate postoperative 
drop took place, and the piothrombin con- 
centration remained low until vitamin K- 
cholic acid mixtuie was given again, this 
time by jejunostomy The sharp postopera- 
tive elevation of plasma fibrinogen is of in- 
terest, and shous the lack of con elation 
between prothrombin and fibrinogen changes 



PB- VITAMIN K RESPONSE IN 

BLEEDING FROM PROTHROMBIN 
DEFICIENCY 

Chart i — Case P B Vitamin 
K response in bleeding from pro 
thrombin deficiency in obstructive 
jaundice P equals prothrombin con 
centration in per cent, Vc equals cell 
volume in per cent, F equals fibrino 
(ten concentration in gm per cent, 
B equals plasma bilirubin concentra 
tion in mg per cent Vitamin K 
cholic acid mixture i 2 gm per da\ 
given as shown 



FI n ~ plasma prothrombin in obstructive jaundice 

Chart 2 —Case ELD Plasma prothrombin in obstructive 
stone^in the common duct Vitamin K cholic acid mixture i 2 gm per daj gn cn hi 
eiunostoS^l' afr^operation P equals concentration in 

equals fibrinogen concentration m gm per cent. B equals plasma mnruo 
centration m mg per cent 
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In Chart 3 are shown observations over a period of eight v eeks in a case 
of stiicture of the common duct At the first opeiation tlie common duct vas 
drained, but internal flow of bile was not established, and neaily complete ex- 
ternal biliaiy fistula lesulted Since the patient was taking the legulai hos- 
pital diet fairly well five days after operation it seemed justifiable to study the 
effect on prothrombin concentration of giving cholic acid without vitamin K 



Chart 3 — Case TG Plasma prothrombm m obstructive jaundice and biliarj fistula VK CA 
indicates administration of i 2 gm of vitamin K cholic acid mivture per day, CA indicates adminis 
tration of 1 2 gm of bile salts per day P equals plasma prothrombin in per cent, B equals plasma 
bilirubin in mg per cent, and F equals fibrinogen in gm per cent 

A gradual fall in prothiombm level resulted, and the low values persisted until 
vitamin K was again given the patient Following the second operation the 
usual drop m piothrombin concentration with secondary response to vitamin 
K-cholic acid mixture is shown 


Table I 

crrECT or operation and anesthesia on plasma prothrombin in the absence or liver 

DISEASE DETERMINATIONS IMMEDIATELY BEEORE AND ALTER OPERATION AND 24 HRS LATER 






Plasma 

Plasma 



Vc 

Fibrinogen 

Protein 

Pro- 



% 

Gm /loo cc 

Gm /loo cc 

thrombin % 

P R 

Herniorrhaphy, spinal anes- 

49 2 

0 26 

7 02 

95 0 


thesia 

47 3 

0 25 

6 95 

94 0 



54 I 

0 41 

8 06 

91 0 

L S 

Hysterectomy, ether anes- 

45 3 

0 28 

7 88 

100 0 


thesia 

46 4 

0 27 

8 17 

100 0 



44 7 

0 40 

7 98 

100 0 

E E 

Hysterectomy, ether anes- 

40 7 

0 27 

7 54 

90 0 


thesia 

41 I 

0 26 

7 50 

95 0 



40 5 

0 40 

7 23 

98 0 

I S 

Hysterectomy, ether anes- 

47 6 

0 62 

8 30 

85 0 


thesia 

46 9 

0 59 

8 22 

82 0 



39 7 

0 65 

7 25 

70 0 

A B 

Abdominopenneal excision of 

39 9 
« 

0 30 

7 62 

92 5 


rectum, spinal anesthesia 

41 7 

4 (. 

0 13 

7 27 

87 2 



39 2 

0 32 

6 46 

84 2 


* Denotes transfusion 500 cc citrated blood 
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Table I shows data obtained in a study of changes in concentration of 
pi othrombin, plasma protein, fibrinogen and red cell hematocrit in five patients 
subjected to extensive operations under ether or spinal anesthesia The 
absence of significant changes in prothrombin values in patients without liver 
disease is to be contrasted with the observations in Table II In Table III 
are shown cell volume values, plasma fibrinogen and prothrombin concentra- 


Table II 


EFFECT OF OPERATION AND ANESTHESIA ON PLASMA PROTHROMBIN ELD AND L C FOR 
COMMON DUCT STONE, T G FOR EXTERNAL BILIARY FISTULA, E W FOR CARCINOMA OF PAN 
CREAS T G AND L C NOT JAUNDICED DETERMINATIONS IMMEDIATELI BEFORE AND AFTER 

OPERATION AND 24 HRS LATER 






Plasma 

Plasma 

Plasma 


Operation 

Vc 

Fibrinogen 

Protein 

Prothrom- 

Bilirubin 



% 

Gm / 

Gm/ 

bin % 

mg % 




100 cc 

100 cc 



ELD 

Cholecystostomy, 

35 I 

0 76 

6 51 

lor I 

17 8 


choledochostomy 

33 8 

0 77 

6 13 

77 9 

17 8 


] ej unostomy-novocam 

40 0 

0 60 

6 60 

80 0 

13 3 

E W 

Cholecystduoden- 

28 9 

0 79 

6 3t 

91 9 

8 6 


ostomy, jejunostomy- 

26 5 

0 52 

5 12 

92 9 

7 2 


ether 

33 8 

0 60 

6 13 

77 6 

6 6 

T G 

Choledochostomy, 

37 9 

0 57 

8 57 

52 2 



spinal-ether 

40 0 

0 53 

8 32 

65 8 




41 3 

0 58 

7 63 

41 6 


L C 

Cholecystectomy 

44 2 

0 20 

8 15 

110 0 



choledochostomy 

45 I 

0 27 

7 76 

97 6 



ether 

42 8 

0 46 

8 30 

87 8 



* Denotes transfusion 500 cc citrated blood 


Table III 


EFFECT OF BLOOD TRANSFUSION ON PLASMA PROTHROMBIN DETERMINATIONS 
BEFORE AND AFTER TRANSFUSION OF 6OO CC CITRATED BLOOD IN 


T M 

o s 

D I 


Diagnosis 

Chronic osteomyeliti 
Chronic lung abscess 
Obstructive jaundice 


ADULT PATIENTS 



Vc 

Fibnnogen 

Prothrombin 

% 

Gm /loo cc 

% 

s 33 I 

0 74 

53 2 

31 8 

0 57 

60 5 

35 9 

0 53 

61 I 

36 4 

0 51 

71 2 

42 4 

0 78 

77 4 

43 7 

0 75 

88 4 


tions, immediately before and after transfusion of 600 cc citrated blood in 
adult patients The increase in prothrombin values after transfusion m le 
three cases averages 9 5 per cent In Tables IV and V are own ata^i^' 
lustrating the prothrombin response to vitamin K-chohc acid p} 
operation m obstructive jaundice due to stone and carcinoma The maxima 
oLtonerative drop m prothrombin concentration m both groups of cases 
Sted w,th at wh.dt the drop occurred The change tn pro.hront- 
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Table IV 

PLASMA PROTHROMBIN RESPONSE TO VITAMIN K-CHOLIC ACID THERAPY IN P-VTIENTS WITH 
OBSTRUCTIVE JAUNDICE DUE TO COMMON DUCT STONE BLOOD TRANSPUSION PERFORMED AT 
OPERATION IN EACH INSTANCE AVERAGE VALUES SHOWN BELOW CHANGES EXPRESSED IN 

ABSOLUTE PERCENTAGE VALUES 

Prothrombin 


Duration 

Age Jaundice 

Sex Weeks Initial 
Value 
% 


L 

H 

S 

33-M 

8 

49 

8 

T 

G 


46-M 

Biliary fistula 

43 

6 

D 

P 

W 

39-M 

2 

35 

7 

M 

L 

K 

61-F 

8 

70 

7 

E 

L 

D 

70-F 

2 

77 

8 

R 

D 


35-M 

I 

47 

I 

J 

M 

S 

63-M 

I 5 

72 

9 

G 

K 


71-F 

4 

81 

3 

J 

M 

s 

34-F 

0 5 

95 

0 

R 

M 


69-F 

8 

53 

4 

D 

P 


22-P 

I 5 

68 

6 


Av 



3 6 

64 

9 


Preoperative Response Postop 

Drop 

Duration Vitamin % Day 


Change Treatment K-Chohc 


% 

Days 

Acid 





Gm 



+37 0 

4 

3 2 

-8 9 

3 

+22 7 

10 

12 0 

-24 7 

I 

+47 6 

2 

5 8 

-45 6 

3 

+29 3 

5 

6 0 

-57 9 

9 

+23 3 

6 

* 

—24 2 

2 

+43 2 

2 

I 8 

-23 2 

3 

+ 19 7 

5 

6 0 

-3 8 

2 

+27 5 

3 

3 6 

-15 3 

I 

+15 0 

6 

3 6 

-39 I 

4 

+51 7 

4 


—20 4 

I 

+31 4 

3 

3 6 

-15 7 

2 

+31 7 

4 5 

5 I 

-25 3 

2 8 


*Received daily 6,000 units vitamin K (Almquist-Stokstad) with bile salts 
**Received daily 3,000 units with bile salts 


Table V 

PLASMA PROTHROMBIN RESPONSE TO VITAMIN K-CHOLIC ACID THERAPY IN PATIENTS WITH 
OBSTRUCTIVE JAUNDICE DUE TO CARCINOMA BLOOD TRANSFUSION PERFORMED AT OPERATIO^ 
IN EACH INSTANCE AVERAGE VALUES SHOWN BELOW CHANGES EXPRESSED IN ABSOLUTE 

PERCENTAGE VALUES 

Prothrombin 


Preoperative Response 




Duration 




— 

Postop 

Drop 


Age 

Jaundice 



Dura- 





Sex 

Weeks 

Initial 


tion 

Vitamin 






Value 

Change 

Treat- 

K-Chohc 

% 

Day 




% 

% 

ment 

Acid 








Days 

Gm 



J B 

47-M 

3 

71 4 

+15 2 

5 

4 0 

-17 7 

2 

H C K 

32-F 

4 

71 r 

+24 6 

4 

3 2 

-25 0 

4 

P W 

58-M 

5 

28 9 

+67 2 

3 

9 0 

-30 4 

7 

J R B 

53 -M 

4 

83 2 

-f 16 8 

6 

24 8 

— 10 0 

4 

T P H 

66-M 

6 

28 0 

+28 7 

2 

5 7 

-18 6 

4 

E W 

73 -P 

8 

23 r 

-f68 8 

9 

ro 8 

-14 3 

I 

D N I 

42-M 

12 

69 9 

+ 93 

4 

5 2 

— 10 0 

I 

W T M 

5+-M 

4 

67 6 

+ 13 8 

9 

II 2 

-29 5 

4 

Av 


5 8 

55 4 

+30 5 
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b n IS expressed in absolute percentage and not percentage of the previous 
The amount of vitamin K-cholic acid mixture taken in each instance is 
recorded The postoperative drop in plasma prothrombin occuired invariably 
m both groups of cases In interpreting this finding allowance must be made 
for the fact that every patient had a blood transfusion at the end of the opera- 
tion, which effects an immediate increase of from 6 to lo per cent in pio- 
thrombm concentration ^ 

Discussion It IS clear that plasma prothiombin concentration in obstruc- 
tive jaundice is a labile quantity The value rises rapidly under treatment with 
vitamin K-chohc acid mixture, and falls quickly under such depiessing cn- 
cumstances as infection, surgical operation, hemoirhage and anesthesia This 
implies a lack of reseive prothrombin m obstructive jaundice and suggests 
the need for studying piothrombin concentration closely m managing these 
cases In the more depleted patients we have j:>erformed jejunostomy at the 
time of operation on the biliary tiact to avoid delay in the further administra- 
tion of vitamin K-chohc acid mixture, as well as foi feeding This may oc- 
casionally be necessary in preparing a patient foi operation on the biliarj 
tract, particularly if veins are poor and the patient not thoroughly cooperative 

In connection with the immediate di op m prothi ombin concentration after 
operation, an interesting question is the effect of the anesthetic agent Evi- 
dence at hand suggests that the same depression of prothrombin level is seen 
after ether, spinal, or local novocain anesthesia, but the question needs further 
study As seen in Table I, major surgical procedures m patients without 
liver disease may be performed under spinal or ether anesthesia without 
changes in prothrombin concentration It is probable the patient witli ob- 
structive jaundice has depleted prothrombin reserves compared with the nor- 
mal, and that the liver m obstructive jaundice is less resistant to depressing 
conditions 

In comparing the cases of obstructive jaundice due to stone with those 
due to carcinoma, it is apparent that the initial average prothrombin concen- 
tration is higher in the former group, the response to vitamin K-chohc acid 
therapy is more rapid, the dosage is smaller and the final preoperative jiio- 
thrombin concentration is nearer normal Hard and fast conclusions are 
hardly justifiable without further observations, but the data at hand suggest 
that the patients with carcinomatous obstruction have greater hver damage 
and are more likely to show pathologic bleeding The danger from patii- 
ologic bleeding comes with prothrombin concentrations below 40 per cent, and 
the average preoperative and postoperative concentrations in these cases uerc 
well above this figure 

In considering the dosage of vitamin K-chohc acid mixture necessary to 
restore prothrombin concentration to a safe level, the extent of hver damage 
IS of much importance The data shown m Chart 3 are of interest m this 
connection This patient had common duct stricture with a high degree n 
hver damage from biliary cirrhosis After the first operation, which resulted 
m external biliary fistula, the patient w>as given chohe acid without vitamin K 
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Despite the fact that the standard hospital diet was being taken faiily ^\eIl the 
prothrombin concentiation fell gradually, and the low values peisisted until 
vitamin K was again given the patient We have had the experience in othei 
patients of failing to get a satisfactory response in plasma prothiombm until 
the dose of vitamin K-chohc acid preparation usually sufficient vas doubled 
although in no case has failure to respond been complete These have been 
patients with clinical signs of seveie livei damage These findings suggest 
the applicability of the law of mass action in this connection and indicate that 
the quantity of vitamin K given must be increased m the presence of factoi s 
hiiidei ing prothi ombm foi mation 

In ti eating prothiombm deficiency m obstructive jaundice the impoitancc 
of measuies which restore liver function, minimize liver damage, and favoi 
renal function should be pointed out A daily carbohydrate intake of 400 to 
600 Gm , proper fluid thei apy, and early decompression of the obsti ucted bil- 
iary tiact are very helpful measuies In the despeiately sick patient with com- 
plete biliary obsti uction fiom carcinoma a two-stage opeiative plan is often 
desirable, the fiist operation being drainage of the distended gallbladdei undei 
novocain anesthesia after two to four days of prepaiation Patients with ob- 
sti uctive jaundice have usually lost much weight and are in a state of geneial 
malnutiition Cevitamic acid, vitamin B complex, and vitamins A and D 
should be given by mouth, or suitable preparations may be given paienteially 
Finally, blood transfusion is often necessaiy as the most lapidly effective 
measuie in dealing with reduction in hemoglobin and plasma piotein It has 
been oui routine practice to give the patient a blood transfusion at the time 
of operation on the biliary tract 

CONCLUSIONS 

(1) Plasma prothrombin concentration is reduced in obstructive jaundice, 
and may undergo a further drop immediately after operation 

(2) Prothrombin deficiency has invariably responded to propei vitamin 
K-cholic acid therapy, but larger doses and longer treatment were required in 
moie severe grades of liver damage 

(3) The therapeutic importance of adequate intake of carbohydrate, proper 
fluids and other vitamins and of blood tiansfusion should be emphasized 
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Discussion — Dr Arthur W Allen (Boston) Any large geneial hos- 
pital might considei themselves fortunate to have a surgeon competent to 
make a study such as Doctoi Stewait has just piesented, not only sufficient 
chemical knowledge to follow these patients but also to make his own vitamin 
K It may not require a great deal of skill to boil down a Hundred bushels 
of spinach in order to make this extract, but it is time-consuming 

Also, the prothiombin level determinations that must be made on these 
patients, in ordei to follow them accurately, is a very heavy burden on his 
laboratoiy, and this bungs up a point which I wish to stress As these new 
laboratory principles are evolved fiom the reseaich department, and found 
essential 111 the routine caie of patients, they must be taken ovei by the gen- 
eral laboratory and this creates an extra buiden I had hoped that Doctor 
Stewai t might be able to find a simple method of determining how much vita- 
min K and chohe acid might be required m a jaundiced patient and how 
many days of treatment were necessaiy without having to follow so closely 
the piothrombm levels Unfortunately, we have not been able, up to date, to 
formulate these requirements on a satisfactory basis other than by accurate 
laboratory data 

The other point that I wish to bring up is a technical one I am quite 
sure m these veiy ill patients that it is wise to add a jejunostomy m oidei to 
be sure that you can continue to administer vitamin K and cholic acid 
immediately after operation Many of these patients will not be able to fake 
the mixture by mouth for a few days and will have a very definite drop in 
prothrombin level Thus we may avoid a dangerous hemonhagic stage and 
not be faced with emeigency measures 
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THE SIGNIFICANCE OF THE CHOLESTEROL PARTITION 
OF THE BLOOD SERUM IN SURGERY OF THE 
GALLBLADDERS 

Otto C Pickhardt, M D , A Bernhard, B S , AM, vnd 
Irving L Kohn, MD 
Nbw York, N Y' 

FHOM THE SHBGICAL SBBMCE \ND THE ACHELIS lABOBATOBl, EBNOA IIILE HOSPITAI/, NEW TOBK, N 1 

The advent of moie accuiate piocedures for the estimation of cholesteiol 
and its fractions iii the blood sei um has i esulted in i enewed iiitei est in the i ole 
played by the liver m cholesteiol metabolism Any assumption that one can 
translate abnoimal cholesterol findings into teims of liver function should be 
dismissed, since any one test has as yet failed to measuie the many diveise 
functions of the hvei It is not within the scope of this paper to discuss the 
evei increasing accumulation of expeiimental data on the relationship between 
cholesterol metabolism and the liver, noi will any attempt be made to leview 
the large amount of literatuie on livei function m general Theie are, how- 
ever, ceitain definite facts legaidmg the metabolism of cholesteiol and its 
fi actions, and then relationship to the hvei which foim the basis of our in- 
vestigations and their clinical significance as reported m this paper These 
are 

(1) The concenti ation of the total cholesteiol m the blood seinm of each 
normal individual in health, is maintained at a constitutional level, \vhich is 
chaiacteiistic for that individual, and is not subject to large deviations ^ ® 

(2) There is a definite lelationship between the amount of free and total 
cholesteiol in noimal peisons The peicentage of fiee m total cholesterol ap- 
peals to be a physiologic constant The amount of free cholesteiol m healthy 
adults varies between 24 3 and 30 pei cent, wnth an average of 26 9 per cent 
of the total cholesteiol 

(3) Changes in the latio of free to total cholesterol aie of considerabl} 
gieatei significance than changes in the concentration of total cholesteiol, 
although, even in normal individuals thei e ai e wide variations, the concentra- 
tion for the same individual, in health, is constant 

It IS geneially believed that estei ification of cholesteiol esteis fiom choles- 
terol and the highei fatty acids is accomplished by the liver ® ^ The hvei also 
has the ability thiough cholesteiol estei ases to hydrolyze cholesterol esters 
The maintenance of this reveisible leaction is a normal physiologic piocess of 
the hvei, which, we believe, can be measured by the determination of the 
cholesteiol partition of the blood serum 

As stated above, in normal individuals the ratio of estei ified to free clioles- 
terol IS a physiologic constant Any alteration m this lelationship, t c , a rise 

* Read before the American Surgical Association, Hot Springs, Va , Ma\ ii, 12, 13, 

1939 
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in ester 


in the percentage of free cholesterol, with a corresponding decrease 

ce in the ability of the liver to regulate the synthesis and ludrolvsis of 

^?sSater» onto f Ttanniuscr 

ana bchaber on the basis of damage to the hepatic cells 

e believe that the liver has a functional reserve, which is reflected b\ 
c langes in the cholesterol partition A rise in the percentage of free choles- 
teiol of the blood serum is indicative of a loweiing of the functional leservc 
1 ns would be analogous to the COo combining power of the blood plasma as 
a measuie of the alkaline reserve in acidosis Therefore, throughout this 
papei we will refer to changes in the per cent of free cholesterol as a measure 
of the functional leserve of the liver We propose to show that the demon- 
sti ation of changes in the cholesterol partition is of clinical value in determin- 
ing the functional leserve of the liver in hepatic distuibances, associated witli 
surgery of the biliary tract, and, as such, serves to indicate the optimum time 
foi a planned suigical intervention 

Pi ocedu) es — The technical methods empIo}'ed foi the determination of 
total cholesteiol were those described by Bernhard and Drekter,® Drekter, 
Beinhaid and Leopold,^® and Bernhard Free cholesteiol was detei mined 
by the modification of the Schoenheimei and Speiiy technic desciibed b) 
Diekter, Sobel and Natelson Ester cholesterol determinations weie made 
on the supernatant fluid and washings, after precipitation of the free choles- 
terol, by evapoi ation to dryness, extraction with peti oleum ether, again cvap- 
oiated and dried, and the residue taken up with chloroform and the cholesterol 
detei mined as in total cholesterol The icteius index was determined by the 
method desciibed by Beinhard and Maue, cited by Stetten In all our in- 
vestigations the blood was obtained before breakfast, the seium separated and 
the determinations made as soon as possible Serum was used, because Speriy 
and Schoenheimei^'^ have shown that oxalated plasma contains significantly 
smallei amounts of total and free cholesterol than either serum or heparmucd 
plasma fiom the same sample of blood 

Noimal Values— -With oui technical methods, our own noimal figuies m 
51 healthy adults weie as follows Total cholesterol varied between 141 and 
404 mg pel 100 cc of serum Free cholesterol -varied between 31 and iio mg 
pel 100 cc of seium The pei cent of free cholesterol varied between 16 and 
30, with an average of 23 pei cent These figures compare with those leporttd 

by Speny-^ 

Chmcal Mafenal—We have classified our cases into three groups 

(A) Cases of acute and chronic cholecystitis and cholelithiasis in w 
operation was performed and in which the cholesterol partition was w: 

(B) Patients opeiated upon showing a high percentage 

(C) Nonopeiated cases showung an increased percentag 

‘“croup A-Cases of acule and chrome choiccrsm.s and cl.olcl.tIna.H n, 
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which opeiation was performed and in which the cholesterol partition was 
within normal limits indicating a normal functional reseive of the liver (Table 

I) 

This group also included four patients who showed an initial deci eased 
functional reserve as revealed by the increase m the percentage of fiee choles- 
terol These foui patients received the usual medical tieatment including a 
low fat, high carbohydiate diet, with additional foiced glucose ingestion 
Undei this regimen there was an improvement m the functional ieser\e as 
shown by a drop to normal values in the percentage of free cholesterol In 



Chart i — Case i Hosp No 55835 Chronic cholecystitis and cholelithiasis nith initial dimin 
ished functional reserve, which returned to normal preoperatuelj after medical treatment Good 
postoperative course 


these patients operation was delayed until the functional i esei ve was restored 
A typical case (Case i No 55835) is graphically illustrated m Chart i 

Case I — Hosp No 55835 A white female, age 46, complained of sharp pain in the 
right upper quadrant, and jaundice of ten dajs’ duration, with claj -colored stools and 
dark urine There w'ere tw'o previous attacks, similar m nature, 5 and ii months before 
the present attack Her temperature, pulse and respiration were normal Evamination 
of the abdomen revealed tenderness in the right upper quadrant and a palpable mass tv o 
fingers’ breadth below the right costal border The pertinent laborator\ findings wtrt 
Wassermann negative, icterus inde\ 37, total cholesterol was 246, ester 128, and the 
free cholesterol 118 mg {48 per cent) A diagnosis of chronic cholecystitis and chole- 
lithiasis w’as made The patient was placed upon the routine medical treatment because 
the cholesterol partition reeealed a low functional resere e of the Iner The cholesterol 
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examinations were repeated five days later, and sliowed a decrease in (he percentage of 
free cholesterol to 35 per cent although there was a rise of the icterus index to 60 Tlie 
sartie treatment was continued and four davs later there was a decrease in the free 
c lolesterol to 33 per cent and a marked drop in the icterus index to 36 Examinations 
made three days later showed about the same values for the cholesterol partition, and it 
was thought that this was the opportune time to operate since miproiement in tlie func' 
tional reserve was so evident 

At operation a gallbladder filled with stones was found, as well as a stone in the 
common duct Cholecystectomy and removal of the common duct stone were done The 
patient made an uneventful recovery Two weeks after operation the diolesterol partition 
was determined, and the free cholesterol was 32 per cent 
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BBlIiMBBBBBBKVBaBfllSBflHBPRSailiMiiiiiilfflfflaSOt^^^ 

BBliBBBBBBBBBaBBBBBBgigiiBBBBBBB BBBBBB BBBBi 

flHiii(«BflBBBflBiiaBoa«aattS£ffliiiiS9P 

BBKiHBBBBBBBBBataBBBBBBBBBBBBjiilbgggaajBguijOiaa 

BBBl(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBffl|jMB 

flflflBBBBflBBBBflflBBBBBBBBBBBliiiBiBBBBBBBSS 


Chart 2— Case 2 Hosp No ssm Chrome cholcc\stitis A\ith decreased {HnctionTl rcsmc— 

not improred my medical treatment The percentage of free cholesterol was increased at m 
operation Stormy postoperative course 

Comment — This case and the other three similar cases in this gioiip 
showed at the time of admission that there was a lowered tunctional resene 
of the liver as demonstiated by the increase of the percentage of free choles- 
terol m the serum After preopeiative therapy, improvement m the resent 
ivas reflected by decrease m the fiee cholesteiol per cent, and ^\hen this laluc 
returned to normal it was believed that the patient was m better condition to 

withstand surgical intervention * r nf 

All the other patients comprising this group m which the percentage 
free cholesterol ivas normal, indicating good functional rescue of tie ncr, 
had a smooth postoperative course 

Group B— Patients operated upon shoeing a high percentage ot tree 
cholesterol (Table II) 
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This group consists o£ four cases m which the percentage of fiee choles- 
terol was definitely increased The course of Case 2, Hosp No 551 n, typical 
of this gioup, IS shown graphically in Chait 11 


Case 2 Hosp No 551 n A white female, age 43, was admitted, November 14 
193b, complaining of increasing jaundice and intermittent epigastric pain, radiating to the 
^ck, of four weeks’ duration The stools were clav-colored, urine very dark brown 
There was occasional nausea but no vomiting Patient had been treated for syphilis 17 
years before, and at that time had also been jaundiced Temperature, pulse and respiration 
were normal Examination of the abdomen revealed generalized tenderness, most marked 
in the epigastrium and right upper quadrant The icterus index was 62, total cholesterol 
373 i ester 208, free cholesterol r68 (45 per cent) Feces showed presence of bile The 
Wassermanii and Khne tests were both negative A special Graham series, the dye being 
administered over a period of four days, showed no definite pathology Due to the fact 
that the initial percentage of free cholesterol was nici eased, showing a lowered functional 
reserve of the liver, it was decided to place the patient under routine medical treatment 
During the next two weeks, the percentage of free cholesterol increased slightly, being 49 
and 47 per cent, and the icterus index fir and 57 respectively The patient during this 
period showed neither clinical nor functional reserve improvement On December 3, 
1936, 20 days after admission, patient had severe attacks of right upper quadrant pain, and 
it was thought she might have a stone in the common duct Operation was advised 
Icterus index rose to 71 on the following day, and the percentage of free cholesterol re- 
mained approximately the same (4fi per cent) still indicating poor functional reserve 
At operation December 14, 1936, a chronically inflamed gallbladder was found, and 
the common bile duct was dilated, but no stones were found Cholecystectomy and drain- 
age of the common duct were performed Nothing abnormal was felt in tlie pancreas 
The postoperative course was extremely stormy from the very onset, with a rise of 
temperature to 104° and 105° F, pulse 120, and respiration 22 for the first three dajs 
Intravenous therapy of saline and glucose was given almost continuously Five days post- 
operative, the icterus index fell to 37, but there was a definite rise in the percentage of 
free cholesterol to 55 per cent The spiking temperature continued, and then several 
hemorrhages from the wound occurred which were controlled after transfusions Ten 
days postoperative, there was a sharp drop m the total cholesterol to 108 mg , with a 
marked rise in the free cholesterol percentage to 74 cent Icterus index was 33 
The course continued to be stormy, and one week later the total cholesterol began to rise 
while the percentage of free cholesterol had decreased to 60 per cent The patient began 
to improve gradually About one month after operation, the stools again became clav- 
colorcd and there was profuse bile drainage from the wound (the T-tube had been re- 
moved on the seventeenth postoperative daj) The icterus index on Januarj ii was 18, 
and the percentage of free cholesterol was 44, showing a definite improvement in the 
functional reserv^e of the liver Two weeks later there vv'as continued clinical improve- 
ment, and on Januar3 25 the free cholesterol was 35 per cent, indicating further rccoverv 
m the functional reserve Because of the biliary fistula, a second operation was con- 
sidered and It was thought that due to the improved functional reserve, surgical inter- 


v'ention would be well tolerated at this time 

Accordingh, a secondarj reconstruction of the common bile duct was pcrtormccl, 
Februar> 15, 1937 The postoperative course was entirely different from that fo lowing 
the original operation There was onlj a slight rise in temperature which qiuckiv re- 
turned to normal, and the patient made an otherwise uneventful recoverj A 
of this patient, March 3, 1937, showed tliat the icterus index was normal, * 

the percentage of free cholesterol was 34 On December 9. i937, an exploratorv ope 
was performed upon this patient at another hospital, because of recurring svmptoms 
primarj carcinoma of the pancreas with metastases to the liver was found, 
patient expired December 21, i937 
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Comment — In this patient, the initial determination of the cholesteiol 
partition of the blood seium levealed a high value foi the peicentage of fiee 
cholesterol, indicating a decreased functional leserve of the livei It uill be 
observed that up to the time of the first opeiation there was a slow^ hut definite 
rise in the percentage of free cholesteiol It will also be noticed that aftei 
operatipn the patient developed fevei with a marked diop m the concentiation 
of total cholesteiol In spite of this continued mciease m tempeiatuie, the 
total cholesteiol began to rise and the free cholesteiol percentage had stalled 
to fall which IS quite m keeping wnth McQuariie’s and Stoesser’s^^ obseivation 
that theie is no constant lelationship between the height of fevei and degree 
of hypocholesterolemia As the fiee cholesteiol peicentage continued to fall, 
indicating improvement m the functional leserve, there was also a maikcd 
clinical improvement in the condition of the patient Theie w'as almost a 
normal percentage at the time of the second operation The fact that the 
patient’s second postopei ative couise was uneventful, w^e assumed to be on 
the basis of a marked improvement in the functional leseive This case illus- 
tiates the value of fiequent deteiminations of the cholesteiol paitition as a 
guide m prognosis 

Case 3 — Hosp No Ps6i75 A white female, age 62, was admitted, Januai> 26, 
1937) complaining of epigastric distress and painless jaundice of one month’s diiiation 
The stools were light yellow in color, and the urine was dark Examination of ihc 
abdomen revealed slight tenderness in the right upper quadrant, and the liver was palpable 
two fingers’ breadth below the right costal border Temperatuie, pulse and respiration 
were normal Important laboratory findings were Icterus index 125, total cholesterol 
286 mg, ester 113 and the free cholesterol 123 mg (60 per cent), indicating a lowered 
functional reserve A plain film of the abdomen revealed a shadow which was interpreted 
as a stone in the fundus of the gallbladder Preoperative medical treatment was not 
instituted 

At operation, January 31, 1937, five days after admission, an inoperable carcinoma 
of the gallbladder with metastases to the liver and pancreas was found The postoperative 
course was poor, the icterus index rising to 143 and the free cholesterol to 70 per cent 
One week latei, the icterus index was 140 with a further rise in the percentage of free 
cholesterol to 81 per cent The patient’s clinical condition became gradually worse, and 
she expired six weeks later 

Comment — Fiom the v^eiy onset, the examination of the seium of this 
patient i evealed a marked inci ease m the pei centage of free cholesterol show - 
mg diminished functional reserve which, postoperatively, became piogrcssncl) 
w^orse 

Case 4 — Hosp No 5S3S1 A white female, age 50, was admitted, June 10, 1937, com- 
plaining of three attacks of upper abdominal pain radiating to the back The first atlacl 
occurred one and a half 3 ears before admission The present attack was accompamtd In 
nausea, vomiting and jaundice of four davs’ duration Temperature, puke and rt-^pir 1- 
tion were normal There was moderate tenderness in the right upper quadrant 01 the 
abdomen, and a small rounded mass was thought to be felt just below the right co=t d 
margin Laboratorj examinations revealed a negative assennann, icterus index w 
625, total cholesterol was 21S mg, ester 181 mg and free cholesterol 100 mg ^45 P'-'' 
cent), showing a diminished functional reserve A roenlgcnogram of ihe abdomen re- 
vealed several calcified shadows which were thought to be facetted gallstone^ The patient 
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was placed on medical regimen for a week, at which time the icterus index was 53 and 
the percentage of free cholesterol was 39 

At operation, June 18, 1937, a small contracted gallbladder containing a stone, and 
two stones in the common duct were found Cholecystectomy and drainage of the com- 
mon duct was performed Postoperatively, this patient did not do well The jaundice 
increased and the temperature was elevated Four days postoperative, there was marked 
nausea and vomiting and the icterus index was 71, the percentage of free cholesterol being 
46 The patient was given almost continuous intravenous infusions of saline and glucose 
During the following days, there was a sanguineous discharge from the wound Trans- 
fusion was given She continued to bleed intermittently for the next few days and her 
condition became verj poor She expired two weeks after operation Postmortem exam- 
ination was performed and a diffuse hepatitis with necrosis of the liver cells was found 

Comment — This patient also showed a pooi pieopeiative functional re- 
serve without postopeiative impiovement, associated with a stormy post- 
operative couise and death 

Case 5 — Hosp No P11152 A white male, age 42, was admitted, Februarj 20, 1936, 
with a history of increasing jaundice and general abdominal pains, chills and fever for 
the past six weeks There w'as a past history of intestinal amebic infection and treated 
sjphilis Laboratory findings showed an absence of bile in the stool, an icterus index of 
100, Wassermann 4-f- and Kline 4-}- Examination of the abdomen revealed a greatlj 
enlarged liver with its edge extending eight centimeters below the costal margin The 
edge W'as sharp and not tender The spleen was moderately enlarged There w'ere no 
paraumbilical dilatations of the superficial veins Roentgenologic examination showed no 
evidence of stones but a markedly enlarged liver 

An exploratory operation, Februarj 28, 1936, revealed an enlarged, congested liver, 
a thickened gallbladder containing no bile or stones, a completely fibrosed and nonpatent 
common duct, and an exceedingly hard, constricting mass at the junction of the right 
and left hepatic ducts in the liver This contained mucopurulent material w'hich, on im- 
mediate examination, show'ed no ameba The head of the pancreas was enlarged and 
hard A piece of the liver was excised for further examination and because no drainage 
could be instituted into the common duct, tw'o large tubes were inserted into the liver 
itself in the region of the hepatic ducts 

The patient had a very stormy postoperative convalescence but began to improve 
after the fifth day when bile appeared through the drainage tube The pathologic report 
was syphilitic granuloma of the peritoneum, small gumma of the liver with acute and 
chronic hepatitis and bile stasis The patient giadually improved with occasional re- 
missions, care being taken to keep the drainage tubes open and bile escaping to the surface 
His jaundice disappeared, but at no time was there any bile m the stool Fresh pig’s bile 
was fed him daily He left the hospital 14 weeks later for further convalescence at 
which time the cholesterol partition show'ed a free cholesterol of 46 per cent 

He returned to the hospital, October 6, 1936, with a history of lessening bile drainage, 
increasing jaundice, fever and chills, loss of w'eight and general malaise Antisyphilitic 
treatment was continued In view of the general course of the disease, it was decided 
to attempt an anastomosis between the livei and the duodenum At this time, as shown 
111 Table II, the percentage of free cholesterol was 37 On October 31, the icterus index 
was 89 and the free cholesterol 58 per cent, showing further decrease in functional re- 
serve, and m addition the permanent biliary fistula w'as markedly contracted On Novem- 
ber 10, there was a decided increase both in the percentage of free cholesterol and icterus 
index The former w'as 73 and the latter 222 

The second operation was performed November 28, 1936, and the same pathologic 
conditions as previously observed were again found An anastomosis between the right 
lobe of the liver and the duodenum was performed, and two large drainage tubes also 
placed directly into the liver Pathologic examination of the removed tissue was reported 
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as chronic hepatitis (biliaiy cirrhosis) , no evidence of malignancy The patient again 
had a veiy stormy comalescence followed b}' a period of improvement as soon as bile 
drainage became established The anastomosis held for several weeks with the appear- 
ance of bile in the stool, and then a duodenal fistula appea^-ed During the next three 
weeks, the percentage of fiee cholesterol remained elevated, but theie was a drop in the 
icterus index These values remained practically unchanged, until fatal termination of 
the disease, January 9, 1937 

Comment — This case was appaientl}^ one of syphilis of the liver with 
iiici easing fibiosis causing complete biliary obstiuction Theie was evidence 



Chart 3 — Case 6 Hosp No 65549 Catarrhal jaundice Nonoperated case Very high per 
centage of free cholesterol on admission which gradually returned to normal under medical treatment 
Case illustrates the prognostic value of the cholesterol partition 


of poor functional leserve with no improvement dm mg the postopeiative 
couise, indicating a poor piognosis 

Gioup C — Nonopeiated cases showing an inci eased percentage of free 
cholesterol (Table III) 

This gioup consists of eight cases of catairhal jaundice studied over a 
peiiod of time, three cases of poital cirrhosis, one case of cholecystitis and 
cholelithiasis, and one case of gangrenous cholecystitis Detailed observations 
of Case 6, Hosp No 65549 are shown graphically in Chart III, and this case 
will be discussed m ordei to show the value of the cholesterol partition in a 
patient with a questionable suigical diagnosis 

Case 6 — Hosp No 65549 A white male, age 57, was admitted, September 20, 193S, 
complaining of painless jaundice of four weeks’ duration There was anorexia and loss 
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of 20 pounds in weight Examination of the abdomen showed the liver to be palpable two 
fingers’ breadth below the light costal bordei There was no tenderness or rigiditv 
Temperature, pulse and respiration were noimal Important laboratory findings were 
Wassermann negative , urea nitrogen 41 5 , normal blood count , icterus index 250, total 
cholesterol 160 mg, ester 12 mg, fiee cholesterol 148 mg (92 per cent), showing almost 
a complete absence of ester cholesterol Bile was piesent in the feces A Giaham senes 
showed a faint gallbladdei shadow which was regular in outline After a fatty meal, 
there was a complete disappearance of the gallbladder shadow Patient was given routine 
medical treatment and a week later the icteius index dropped to 201, there was also a 
drop in the free cholesterol to 70 per cent, showing an improvement in the functional 
leserie Four days latei, the icterus index was 190 with practically no change 111 the 
cholesterol paititioii Ten dais later, there was a verj'- marked drop in the icterus index 
to 100 and a marked deciease in the free cholesterol percentage to 59, showing furthei 
improvement both clinically and m the functional reserve A week later, the icterus index 
was 71 and the percentage of fiee cholesteiol 44 The patient left the hospital October 
17, and returned a i\eek latei for follow-up, at which time the icterus index was 52, fiee 
cholesterol 57 per cent Four months latei, an examination showed that the icterus index 
was 6, free cholesterol 25 per cent, showing complete restoration of a noimal functional 
reseive At that time the urea nitiogen was 20 

Comment — The question as to whether this was a medical oi suigical 
jaundice was not definite on admission Because of the veiy high peicentage 
of free cholesteiol and pooi functional leserve, it was decided not to peifoim 
an exploiatoiy opeiation but to tieat the patient medically Maiked clinical 
improvement m this patient pioceeded in the same ratio as improvement m 
the functional leseive as shown by the deci easing peicentages of fiee choles- 
teiol This case illustiates veiy well the value of repeatedly detei mining the 
functional leseive It should also be noted that deciease m peicentages of 
fiee cholesterol is a good piognostic sign 

Case 7 — Hosp No 55612 A white female, age seven, was admitted to the hospital, 
October 19, 1937 Twice within an interval of three months, the patient had had symp- 
toms of painless jaundice and pruritus Examination of the abdomen revealed slight 
tendeiness over the right upper quadrant and an enlargement of the liver five centimeters 
below right costal border Stools were clay-colored , icterus index 25 , total cholesterol 
540 mg, ester 280, and free cholesterol 260 mg (48 per cent), indicating a decreased 
functional reserve Roentgenograms of the gallbladder showed no evidence of stones 
She was extremely ill, and temperature ranged between 102° and 105° F During the 
next month, the percentage of free cholesterol varied between 40 and 62, and the icterus 
index rose to 83 On November 20, there was a definite drop in the percentage of free 
cholesterol to 33, remaining at that level for a period of ten days, with the icterus index 
at 36 There was also an improvement in the clinical condition of the patient during this 
time Immediately following the period of normal functional reserve just mentioned, 
the percentage of fiee cholesterol progressively increased reaching a high of 73, and 
clinically the patient became worse This figure langed between 53 and 60 per cent until 
fatal termination of the disease The icterus index also rose, reaching a high of 143 on 
December 20, and decreased to 62 at the time of death At autopsy, a perforated gan- 
grenous gallbladder was found A stone was found lying free in the abdominal cavit> 
There was a generalized peritonitis and the liver was studded with numerous small 
abscesses 

Comment — Again, this case illustiates the value of the cholesterol paiti- 
tion as a guide to surgical inteivention If surgical intervention was to be 
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attempted in the case, the time to have opeiated would have been when the 
free cholesteiol peicentage had diopped to piactically noimal values, remain- 
ing so for about ten days The prognostic value of the test is illustrated by 
oui observations of this patient The continued rise in the peicentage of free 
cholesteiol following the short peiiod of noimal functional reserve, is reflected 
by the poor clinical couise and fatal teimmation 

In all of the othei cases in this group, it w ill be noted that the initial value 
of the fi ee cholesterol pei centage was genei ally much higher than those in the 
othei gioups After these patients had leceived medical treatment, it was 
obseived that they impioved, as shown Iw the piogiessive decrease m the per- 
centage of fi ee cholesterol This indicated a recoverj^ period, with improve- 
ment m the functional leseive Accompanying this there was also a definite 
deciease in the icteius index We stiess the \alue of repeated detei minations 
of the cholesteiol paititioii as a piognostic aid m following the course in these 
patients 

Discussion — It IS generally accepted that distuibances of hepatic function 
may be reflected by changes m the cholesteiol paitition of the blood Early 
observation of this fact was lepoited by' Feigl,^® \\ho noted low ester choles- 
terol values in acute yellow atiophy Thannhausei and Schaber® were quick 
to lecognize and emphasize the significance of this observation They found 
the estei fi action to be gieatly diminished, and the free cholesterol increased 
m cases of sevei e parenchymatous hepatic diseases, and attributed this phenom- 
enon, which they named “Esfcisfwa,” to a distuibance of cholesterol ester 
synthesis, and hydiolysis m the hvei Recently, Boyd and ConnelB’’ have 
indicated that hpopema is associated with the cholesteiol “Estei sHiiz” in 
parenchymatous hepatic disease 

Opposed to the view of Thannhausei and Schaber® is that of Gardner and 
Gainsborough,^® who state that diminution in ester cholesterol is due to im- 
paired absoiption of cholesteiol and fat from the intestine in the absence of 
bile Hawkins and Wiight^® were unable to substantiate this explanation 
since they have shown that the absence of bile in the intestines and faulty fat 
absoiption in dogs with biliary fistula did not result m changes of ester to total 
cholesterol latio 

Clinical evidence foi and against the inteipretation of the above stated 
opinions have been reviewed by Gardner and Gainsborough,^® Epstein,”® Ep- 
stein and Greenspan,^^ and Shay and Fieinan -- Most of the investigators have 
tried to tianslate changes in the cholesteiol partition into teims of liver function 
It was thought to be of value in differential diagnosis between obstructive and 
nonobsti uctive jaundice Howevei, the genei al impression is that in un- 
complicated parenchymatous hepatic disease, theie usually occurs a diminished 
ester cholesterol value with a corresponding increase in the percentage of free 
cholesterol 

As stated by Boyd and Connell,^’^ “the original explanation of Thannhauser 
and Schaber is the most reasonable one to account for the changes in choles- 
terol partition when damage to the hepatic cells has occurred Cholesterol 
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esteis aie not stoied to any extent m noimal tissues, although they are appai- 
ently synthesized as a by-pioduct in degeneiatmg tissue A lessened pio- 
duction of cholesteiol esteis would thus soon lesult in a diminution in then 
toncentiation in the blood, the only medium in which they aie found to any 
extent Thannhausei and Schabei^ liaA^e aigued that since damage to the 
livei lowers the cholesteiol fraction m the blood, it is likely that these sub- 
stances aie pioduced in the hvei Suppoitmg this is the fact that cholesteiol 
esterases have been found in the hvei ” 

Pievious investigatoi s, lepoiting on the estimation of the cholesteiol paiti- 
tion, have utilized methods which we believe aie not so accurate as those of 
lecent oiigin By the newei proceduies the fiee cholesterol in normal in- 
dividuals geneially is not gieatei than 30 pei cent of the total cholesterol as 
against vaiiations of 30 to 50 per cent, which were formerly considered as 
noimal Refinement 111 technical proceduies has resulted m better evaluation 
of the observations thus obtained and in bettei clinical interpretation 

We have utilized the changes 111 the cholestei ol pai tition of the blood sei um 
as a measuie of the functional leseive of the hvei and have presented evidence 
to show that this inteipietation is of value to the surgeon This value lies in 
an indication as to the most oppoitune time foi surgical intervention in disease 
involving the gallbladdei and biliaiy tract This fact is amply demonstiated 
by the data given m Table I Actually, all of these patients, with the excep- 
tion of No 39365, who died of a pulmonary embolism, did well postopera- 
tively Furthei evidence that the functional reserve plays a role in the ability 
of the patient to withstand opei ation, is shown by the four cases in which the 
initial functional leseive was diminished, and who leceived medical preopeia- 
tive treatment, which lesulted in lestoration of this reserve We aie of the 
opinion that if these patients had been opeiated upon during the period of de- 
creased functional leseive, their postopei ative course would have been poor 

Furthei, patients opeiated upon in whom the cholesteiol partition re- 
vealed a loweied functional reserve, as shown by observations recoided in 
Table II, all had a stoimy postopei ative course Several terminated fatally 
The thud patient of the group. No 55 m, underwent two operations , previous 
to and during the first postoperative period, this patient had a low functional 
reseive as shown by the increased percentage of free cholesterol With im- 
provement in the reseive theie was also marked improvement in the clinical 
condition At the time the second biliary tract opei ation was performed, hei 
functional reseive was considered noimal, and the postopei ative course, m 
contrast with the previous one, was uneventful This particular case illus- 
trates that the mfoimation obtained from the determination of the cholesterol 
partition is of definite prognostic value 

CONCLUSIONS 

Deteimmation of the cholesterol partition of the blood serum, particularly 
the changes in the percentage of free cholesteiol, has been used as a measure 
of the functional reserve of the liver 
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A patient who exhibits a low functional leserve of the liver is a pool opera- 
tive 1 isk Medical ti eatment should be instituted, and i epeated estimations of 
the cholesteiol paitition uill indicate when the functional leseive has leturned 
to noimal Such infoimation is of value as a guide to surgical intervention 

The cholesteiol paitition has piognostic value m surgeiy of the gallbladdei 
and bihai}'^ tiact 

We suggest that the cholesteiol paitition of the blood scrum be detei- 
mined both pie- and postopeiatively in all patients with bihaiy disease and 
jaundice 
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Epstein, E Z The Cholesterol Partition of the Blood Plasma in Parenchymatous 
Diseases of the Livei Arch Iiit Med, 47, 82, 1931 

Idem Cholesterol of the Blood Plasma m Hepatic and Bilian Diseases Arch Lit 
Med , 50, 203, 1932 

Epstein, E Z , and Greenspan, E B Clinical Significance of the Cholesterol Partition 
of the Blood Plasma m Hepatic and in Biliary Diseases Arch Int Med , 58, 860, 
1936 

-- Shay, H, and Fieman, P The Value of a Combined Stud} of the Newer Laboratory 
Test in the Differential Diagnosis of Toxic and Obstructive Jaundice Including Blood 
Phosphatase, Cholesterol, Galactose Tolerance and Glucose Toleiance Am Joui 
Digest Dis and Nutnt , 5, 597, 1938-1939 

Discussion — Dr John A Wolfer (Chicago) The subject piesented by 
Doctoi Pickhaidt is one that I have been interested in foi some time, and 
I think all of you have been mteiested in the niattei of the livei as a veiy 
essential factoi m biliaiy tiact suigeiy The physiologists tell us that, so fai 
as they know now, the livei ma} have appi oximately 22 functions and piob- 
ably theie may be a few zeios added to that 111 the couise of time Theiefoie, 
it IS extiemely mteiesting, and probably peitment, to lealize that theie is no 
one function test of the livei As to whethei isolated portions of the livei 01 
specific livei cells pei form cei tain functions thei e is a question I am inclined 
to feel that theie is a consideiable ovei lapping of livei anatomy with hvei 
function 

I should like to piesent thiee charts which will indicate the value of es- 
tablishing the blood cholesterol partition, to see how it compaies with condi- 
tions as we meet them 


Chart I 

P K , male, age 55 Entered hospital August 29, 1938 

Pam m the abdomen and jaundice of 8 days’ duration Clay-colored stools 

Mass in the right upper abdomen which varied in size Loss of weight 

Operated upon September 9, 1938, cholecystduodenostomy 

Diagnosis Carcinoma of the head of the pancreas with liver metastases 

Autopsy October 20, 1938 Diagnosis verified 4000 Gra of carcinoma in the liver 


Date 
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48 

6 3 

3 38 
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3 37 
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67 

32 
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3 38 
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I 0 

27 3 
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67 

32 
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3 34 

3 16 

20 

I 0 



10-10-38 
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3 38 

3 52 

17 




10-14-38 

152 

86 

43 

43 

7 0 

3 42 

3 S8 

17 




10-20-38 





Expired 








Chait I is fiom the study of a male, who had pain 111 the right abdomen, 
jaundice foi eight days’ duration, clay-colored stools, and a mass in the light 
uppei abdomen which fluctuated in size from time to time Theie was a loss 
of weight He was opeiated upon and a carcinoma of the head of the pan- 
creas was found with metastases 111 the liver A cholecystduodenostomy was 
performed Septembei 9, 1938 The man died in October and the diagnosis 
was verified, there being found appi oximately 4,000 Gm of carcinoma m the 
Iivei Here we have a case with a high grade biliary obstruction which was 
leheved by opeiation with a lesidue of extensive carcinoma of the liver You 
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Will note that the oiigmal cholesterol study levealed 45 per cent free choles- 
terol and normal plasma piotems We are studying the plasma protein al- 
bumin-globulin latio as a parallel with the cholesterol partition, on the assump- 
tion that esterification of cholesteiol and the foimation of protein fractions 
occui in the livei The blood sugar was normal, the icterus index 91 and 92, 
seium biliiubm ii and 12, and the blood urea nitrogen and nonprotein ni- 
trogen not elevated Following opeiation, theie was an immediate rise in the 
free cholesterol to 48 pei cent, but aftei a few days there was a distinct fall 
to 32 pel cent Dining this time there w^as a marked drop in the icterus index 
and seium bilirubin, as w^as to be expected Due to drainage, however, a little 
later, ten days befoie death, the peicentage of fiee cholesterol again began to 
inciease It is also inteiesting to note that during the terminal two weeks 
thei e appeared an invei sion of the albumin-globulin ratio of the plasma protein 
— albumin 3 42 and globulin 3 58 Also, thei e is shown that the icterus index 
has fallen to 17 and the seium bilirubin to i o In my opinion this chart 
clearly demonstiates and veiifies Doctor Pickhardt’s theory The high pei- 
centage of fiee cholesteiol ivas the result of liver damage There was some 

Chart II 

L G , male, age 52, February 3, 1939 

For 3 weeks malaise, anore\ia and abdominal discomfort Jaundice for 4 days 
Highly colored unne for 10 days Long history of sinus infection Jaundice deepened with 
marked itching of the skin Some low grade fever Low blood pressure 
Diagnosis Diffuse hepatitis with cirrhosis Ascending cholangitis 
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immediate lelief by diainage, as expiessed by a deciease m free cholesteiol, 
however, because of the extensive liver damage due to caicinoma the relief 
was only temporary, to be followed by increasing peicentages of fiee choles- 
terol and inversion of the albumin-globulin latio of the plasma pioteins 

Chart II is from the study of a male, age 52 Theie was a history of ap- 
proximately three weeks of mci easing weakness, anorexia and abdominal 
discomfort Jaundice appeared about four days before admission to hospital, 
and itching of the skin, which had been piesent for some days, became pro- 
gressively woise The fiist cholesteiol study revealed 77 per cent free, and 
a few days later it had risen to 79 3 per cent The icterus index on first study 
was 200 and rose to 240 and finally to 250 The prothrombin time, based 
upon a standard of 20 seconds as normal, was 50 8 seconds In spite of active 
treatment with large amounts of viosterol and calcium, a high sugar intake 
with vitamin K and bile salts, the symptoms became more acute The pro- 
thrombin time had dropped to 32 9 seconds, however, but the peicentage of fiee 
cholesterol had risen to 79 3 per cent as previously mentioned He was oper- 
ated upon two days after the last mentioned blood chemistry work At explora- 
tion, the liver was found to be hard, retracted and mottled The ducts were 
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not dilated but weie giay in coloi and the walls thickened Because of the 
poor reaction of the patient, a solitary small stone was removed fiom the 
gallbladder and the visciis was drained The contents consisted of a clear 
yellow fluid It will be noted that after an uneventful postoperative course of 
appi oximately two weeks, the free cholesteiol had dropped to 269 per cent, 
which can he consideied noimal, the icterus index to 50 units, and, 40 days 
after operation, the fiee cholesterol was 30 3 pei cent, and the seium biliiubin 
I 0 In this instance, the clinical improvement of the patient closely paralleled 
the impiovement or return to noimal of the peicentage of free cholesteiol 

Chart III 

G K , male, age 46, March 10, 1939 

In March, 1938, noted jaundice, pain in right side of abdomen, and weakness Occasional 
vomiting In July, 1938, reported at Clinic Marked jaundice and loss of weight Large 
abdominal tumor believed to be liver Wassermann positive 

Diagnosis Malignant disease Put on antiluetic treatment and improved very materially 
but liver did not decrease in size Explored March 15, 1939 
Diagnosis Extensive amyloid disease of the liver 
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The ohseivations shown 111 Chart III were made on a case of proven exten- 
sive amyloid disease of the livei Preoperatively, the free blood cholesterol 
was 46 per cent, there was a normal alhumm-globulin ratio of the blood plasma 
protein, the pi othromhm time was 32 75 seconds, and the serum phosphatase 
was 47 7 units The hippui ic acid test showed 60 pei cent cleai ance The 
operation consisted of an exploiation with removal of a small piece of the 
liver foi microscopic study Two days after operation, the pi othromhm time 
was 81 85 seconds (normal 21 seconds), 'he began bleeding fiom the wound, 
there was evidence of subcutaneous hemorrhage and his condition became 
critical He was given “klotogen” and bile salts through a duodenal tube, and 
because of seveie dyspnea, oxygen was administered A week later, the pro- 
thrombin time had fallen to 30 seconds and bleeding had practically ceased 
Two weeks after the exploiation, the free cholesterol was 58 per cent and the 
serum phosphatase 23 units It will be noted that 37 days after operation the 
free cholesterol was 74 pei cent, the albumin-globulin ratio practically nor- 
mal, the icterus index 50, the prothrombin time 19 seconds, and the seium 
phosphatase 137 units At this time, he was feeling quite well However, it 
IS quite evident that he has extensive liver crippling because of the diffuse 
amyloid disease, and this is demonstrated by an mci easing free cholesterol and 
seium phosphatase Nevertheless, one function of his liver had adjusted itself 
— ^that which deals with blood clotting as evidenced by a normal prothrombin 
tune and cessation of bleeding 

I feel, as does Doctor Pickhardt, that in the study of blood cholesterol 
partition we have at oui disposal one test which will aid us m formulating an 
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opinion relative to the condition of the liver, and will act as one guide as to 
when surgical intei ference may be cai i led out with relative safety 

Dr Robert L Payne (Norfolk, Va ) This presentation by Doctoi 
Pickhardt seems to me to con oborate what we have olisei ved ovei a period of 
about five oi six years now and followed in oui bihaiy surgery, namely, Ep- 
stein’s work, which practically coi relates the pi esentation he has made to-day, 
that is, the high total cholesteiols and the low esteis 

I noticed in all of the chaits, of both Doctor Pickhardt and Doctor Wolfei, 
that in those cases that showed a marked liver dysfunction, the cholesterols 
were high and the esteis low, and that is the point Epstein so ably brought 
out and emphasized m numeious ai tides 

As Doctor Wolfer aptly said, there aie too many functions to the liver 
for any one liver test to be of gieat value, but I think if one is getting any help 
out of anything that he is doing, he at least ought to express it, and we have 
been getting a gieat deal of comfoit for about three or four years now out of 
determinations of xanthoprotein and blood indican in suspected and deter- 
mined liver dysfunction This is based on the fact that physiologists tell us 
that the indol gi oup is broken up m the liver through a mechanism in which 
ethei sulphuric acid breaks up the indol into xanthoprotein and indican 
Wheie this mechanism is disturbed, this does not take place, and in the blood 
you find an increase of xanthoprotein and a lowering of blood indican, which 
IS just exactly the leverse of an Epstein Iipoid nephrosis in which the xantho- 
protein is increased and the blood indican is increased 

In those gallbladdei cases where we have diained the common duct oi 
whei e there is a biliary fistula, we have, m addition, been getting a great deal 
of comfort out of the study of the chlorides of the bile excreted 

We have noted that where theie is an impending liver dysfunction the bile 
chlorides will rise and with an improvement m the liver condition the chlorides 
will fall Con espondingly, with this bile study we have carried Epstein’s 
work out on the total cholesterols and the esteis and we have found that al- 
though Epstein prognosticates the definite improvement when the ester re- 
lationship to the totals approach normal, yet it is a slower process than the 
determination of the chloiides in the bile In other woids, we make out in a 
daily chemical examination of the bile that a falling chloride, approaching noi - 
mal, will indicate a return of the liver to its normal function two or three 
days sooner than the cholesterol estimations according to the Epstein method 

Dr Otto C Pickhardt (closing) I did not know that Doctor Wolter 
was working on this problem until he wi ote me about it, and I was much in- 
teiested to hear that his results were very much in line with ours 

This test does not indicate the type of liver damage, that is, one can get 
a low functional reseive in such various conditions as Cholelithiasis, carci- 
noma, catarrhal jaundice, hepatitis and chronic passive congestion Therefore, 
we do not want it thought that we have used this test for a differential diag- 
nosis — ^we have not ' 

Doctor Payne’s remarks on Epstein’s work aie coirect, of course, but the 
difference in Epstein’s and our work is that we have particularly stressed the 
peicentage of free cholesterol instead of the ester cholesterol, since it has been 
shown that the percentage of free cholesterol is a physiologic constant in the 
normal individual On the other hand, work in our laboratory has shown that 
along with the cholesterol esters there may be included a substance which is 
not entirely cholesterol ester and we believe that changes in the percentage of 
free cholesterol is a much better criterion We are not as yet ready to report 
upon this undetermined substance 
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GANGRENE OF THE EXTREMITY IN THE DIABETIC" 

Arthur A Zierold, M D 
Minneapolis, Minn 

Gangrene of the extiemity hi the diabetic manifests itself in two foims 
The uncomplicated ischemic neciosis typical of the nondiabetic arteiioscleiotic, 
commonly teimed “diy gangiene” and the septic neciosis known as “moist 
gangiene ” 

The lattei condition, which is the subject of this discussion, is not the 
lesult of a sudden vasculai occlusion but is the culmination of a senes of 
changes Slowly, piogiessive intimal thickening permits the development 
of collateial circulation until eventually a delicate balance between life and 
death of the tissue is leached When gangiene occuis it is moie often the 
result of inci eased demands of the tissue cells due to the metabolic distuibances 
of sepsis and diabetes than to an immediate deciease in blood supply Local 
bacteiial invasion initiates oi attends the development of this piocess, and 
soon becomes the dominating factor The combination of sepsis and pei- 
sistent but inadequate blood supply lesults in a moist spieading gangiene 
which untreated oi unchecked causes death If by way of treatment, eaily 
amputation is undei taken, it must be at a level which precludes fuither spiead 
of the piocess oi leopeiation This entails high amputation with its iisk to 
life and the loss of excessive amounts of good tissue If amputation is undei - 
taken late in the progiess of spieading gangiene, the mortality late is high 
due to the combined effect of sepsis and diabetes If, however, it be kept in 
mind that gangiene occurs not because of suddenly diminished blood supply 
to the pait but because of suddenly inci eased cell needs and that if the tissue 
metabolism be letuined to noimal or neaily normal the blood supply would 
again be adequate, the necessity foi amputation as the piimaiy theiapeutic 
pioceduie becomes less appaient On the basis of this concept, it would 
appear reasonable that, in the piesence of a spreading gangiene, if infection 
be eliminated, the diabetes could be controlled, and that if the diabetes with 
its distuibed metabolic piocesses and abnoimal cell needs be controlled, 
gangrene would not i ecui 

Upon this assumption has been developed the following method of tieat- 
ment which has obtained at the Minneapolis General Hospital during the 
past five yeai s 

Upon admission to the surgical seivice with a spieading gangrene, the 
status of the patient’s diabetes is determined, together with the incidental 
obseivations of ketosis, nitiogen balance, blood concentration and signs of 
dehydiation Noimal hemoglobin and plasma protein levels aie then lestoied 
by multiple transfusions and noimal fluid balance is established — piefeiably 
by mouth or bowel No great effoit is made to control blood sugar lei els 

*Read before the American Surgical Association, Hot Springs, Va, Maj' ii, 12, 13, 
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at this time, as m the presence of infection contiol of blood sugar levels and 
the pioducts of abnormal metabolism is difficult and at times impossible At 
the end of a 24-boui peiiod, attention is dnected to the local sepsis and 
gangiene Undei pentotbal anesthesia, all infected or devitalized tissue 
IS lemoved, togethei with any exposed bone Conti aiy to the usual debride- 
ment, no attempt is made to save impoitant stiuctures, the goal being a base 
of live tissue with no gioss evidence of infection and no pockets or overhang- 
ing skin borders The wound is then coveied with cod livei oil dressing and 
12 to 24 houis latei the patient is placed in a chair with the affected leg 
dependent and immersed to midcalf in 3 per cent saline at 100° F The bath 
IS alternated with bed rest at hourly intervals during the day With the con- 
tiol of sepsis and diabetes, the gangrene is arrested and several days may be 
devoted to improving the patient’s geneial condition When the patient’s 
tempeiatuie has lemained at a normal level foi thiee da)'^s, amputation ma} 
be undertaken as an elective piocedure 

During the past five yeais, the moilahty due to gangrene in the diabetic 
at the Minneapolis General Hospital has sharply decreased and we have come 
to accept the following doctrine 

(1) In the piesence of sepsis and spieading gangiene, amputation should 
not be consideied as a primary therapeutic measure 

(2) Amputation should be undeitaken only as an elective operation, 
never as an emergency 

Of 92 cases treated duiing 1937 and 1938, 68 iveie tieated by preliminary 
debridement and later by majoi amputation Of these, eight 01 ii 7 pei cent, 
died from pneumonia or coionary disease None developed local infection 
and none necessitated leoperation following amputation Twenty-foui cases 
weie treated by preliminary local excision with one death fiom bacteiemia 
Twelve lefused latei amputation and weie discharged against advice Others 
were discharged foi a trial period Of the entire gioup, the mortality was 
9 7 pel cent Of the majoi amputations, ii 7 per cent, and of the preliminary 
excisions, 4 i per cent 

At the Univeisity of Minnesota, wheie this pioceduie has been adopted 
dm mg the past yeai, the amputation mortality has been decreased from 50 
to 10 pel cent 

Discussion — Dr William E Gallic (Toronto, Canada) I wish to 
congratulate Doctor Zierold on his important and excellent presentation and 
to emphasize some of the points that he has made 

Soon after the discoveiy of insulin we adopted the policy of placing all 
the surgical diabetics under the care of one man, in order that we might 
determine as quickly as possible whether the new medical treatment would 
influence the surgical complications As a lesult. Dr W G Murray has 
lapidly acquired a wide experience in the disease and has made impoitant 
obseivations which agree m piinciple with those enumerated to-day by Doctor 
Zierold 

The outstanding result of the ten-years study has been that with adequate 
medical caie one may confidently expect a great reduction of the mortality 
rate in so-called diabetic gangrene and also a great saving of limbs Whereas, 
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foimeily high amputation was peifoimed at once in most cases of seiious 
infection m the feet, the practice now is to control the diabetes with insulin 
and glucose and to tieat the infection by wide incision and adequate drain- 
age The lesult is that m many cases the infection is conti oiled and the 
wounds ultimately heal 

In the moie serious cases of spieading, moist gangiene oui practice diffeis 
fiom Doctoi Ziei old's m that instead of a local opeiation on the infected 
gangrenous area we peifoim an immediate guillotine amputation about the 
middle of the calf, leaving the wound wide open foi diainage In a whole 
senes of cases, this has lesulted m immediate conti ol of the infection and 
has allowed a subsequent foimal amputation at a higher level without the 
iisk that would attend such an opeiation at the height of the infective piocess 
This, however, does not diffei in piinciple fiom the method desciibed by 
Doctor Zierold and I mention it only to emphasize what he has said 

Dr Leland S McKittrick (Boston) When I lead Doctor Zierold’s 
abstiact m our punted program, I was quite distressed because I could not 
but feel that Doctoi Zieiold and I had veiy little in common in the manage- 
ment of this gioup of cases Aftei talking with him yesteiday and after 
hearing his paper to-day, however, I would like to add my commendation to 
that of Doctor Gallic on what he has accomplished 

Table I 

DEATH ALTER OPERATION UPON LOWER EVTREMITIES — 8o6 PATIENTS 

Per Cent 




Per Cent 

of All 

Cause No 

Cases 

of Deaths All 

Patients 

Infection 

42 

50 

5 2 

Cardiorenal (including pulmonary embolus) 

37 

44 

4 6 

Miscellaneous 

5 

6 

0 6 

Total 

84 

100 

10 4 


DEATH IN NONOPERATIVE TREATMENT OF LOWER EXTREMITIES 

No Patients 273 Deaths 12 Mortality 4 4 per cent 


I think we all feel, as Doctor Gallic does, that it is of fundamental im- 
portance to distinguish between the group of cases whose arterial circulation 
IS adequate and that more serious group where it is not In this discussion 
I am limiting myself to the gioup of patients with inadequate cnculation, and 
I think it is this group of patients that Doctoi Zierold has been talking about 
Doctor Zierold has faced a serious problem that is not as uncommon as 
we might think Theie is in the lecent literature a summary of hospital 
mortality in which 12 hospital sei vices in this country are listed Eighteen 
to 75 per cent of these patients have died following amputations for gangrene 
In eight of those 12 hospitals the mortality was over 50 per cent and in only 
one of them was it under 30 per cent 

As with Doctor Gallic, we have met this problem in a somewhat different 
way than Doctor Zierold, possibly because many of us in Boston who have 
been interested in this group of cases have not had to face a 60 per cent mor- 
tality One of our former presidents, Di D F Jones, succeeded in bringing 
that 60 per cent mortality down to about 20 pei cent before we Mere any- 
thing more than embryonic surgeons 
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I should like to show a few statistics fiom which I will try to demonstiate 
certain facts which have influenced us in the management of these cases 
In Table I aie giouped the causes of death in all of the patients whose 
lowei extiemities wc have opeiated upon The moitahty m this group is 
104 ]3ei cent About one-half of these died fiom infection Four point six 
pel cent, or 1 oughly 5 pei cent, of the patients opei ated upon have died from 
some foim of cardiovasculai disease Intel estmgly enough, about one-half of 
oui patients aie not opeiated upon, and the moitahty in this gioup is also 
about 5 pel cent This 5 pci cent, then, is the ineducible minimum that 
Doctor Zieiold has mentioned We believe, however, that the moitahty rate 
m excess of this figuie foi the most pait due to late, inadequate, or impropei 
ti eatment 


Tabic II 

1 IRST 100 AMPUTATIONS COR DIABCTIC GANGRCNC 


Dead 92 

Living 8 

Living 3 \ ears 58% 

Living 5 years 35% 


Average duration of life (92 patients) 42 7 months 

Table II piesents anothei phase of the problem Of the first 100 patients 
who left the hospital following amputation for gangrene, eight aie still ahve 
Howevei, one-half of the patients neie already dead at the end of three yeais 
and at the end of five years only one out of thiee patients was ahve The 
average length of life aftei operation in the 92 dead patients was three and 
one-half yeais In other woids, the diabetic patient with gangrene looks 
forwaid aftei amputation to an aveiage life expectancy of only three and one- 
half yeais We must, therefore, be caieful m whatevei we plan not to have 
them spend too much of this time within the hospital walls 

Table III 


TVPC or AMPUTATION IN 5O3 PATIENTS WITH DIABCTIC GANGRENE 


Level 

Cases 

Per Cent 
of Total 

Deaths 

Mortality 
Per Cent 

Toe 

53 

10 5 

4 

7 5 

Toe then major oper 

35 

7 0 

4 

II 4 

Lower leg 

36 

7 2 

I 

2 8 

Guillotine 

33 

6 6 

14 

42 4 

Gritti-Stokes 

80 

15 9 

II 

13 8 

Thigh 

266 

52 9 

31 

II 7 

Totals 

503 


65 

12 9 


Table III shows the type of opeiations peifoimed upon 503 diabetic 
patients with gangiene from 1923 to 1938 I should like to call your atten- 
tion to the 33 patients (7 per cent of the group) who have had a guillotine 
amputation In other words, in the group of patients that we see who aie in 
need of an amputation but whose general condition is so pool 01 whose local 
infection is so extensive as to contraindicate primary closuie, we would not 
undertake the local procedure that Doctor Zierold advises, but instead a 
guillotine amputation through the uppei third of the lower leg, planning to 
follow this by a higher amputation at a later date 

There is one other point that I should like to make Interestingly enough, 
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theie IS no agi cement among smgeons, at the present time, as to what repre- 
sents the safest, smest, and simplest closed amputation foi a diabetic patient 
who IS such a pooi iisk that one can be confident that he will never use an 
aitifical hmb You will notice in Table III that approximately half of oui 
patients have a piimaiy, closed supracondylai amputation, with a mortality of 
II 7 pei cent This opeiation has been elected because it lepresents the 
amputation ^vhlch, in our hands, is followed by the highest incidence of heal- 
ing pel p] imam and the shoi test pei lod of hospitalization 

Dr Frank L Meleney (New Yoik. NY) In this condition, we aie 
dealing with a pioblem of infection, and that conceins bacteria I have been 
surpiised that Doctoi Zierold did not make any mention of the bactei lolog}'’ 
of these infections, because I think that that is one of the fundamental bases 
upon which the foim of treatment in any given case must be detei mined 
Heie we have a condition in which theie are a numbei of important organisms 
winch aie lesponsible foi death, and it is essential, it seems to me, {or the 
suigeon to know with what organisms he has to deal before instituting treat- 
ment 

Anaerobic bacteriology is particulaily applicable here, because the Welch 
bacillus and the anaeiobic stieptococci aie paiticulaily common Also, in 
this condition, we have the factoi of bactei lal symbiosis or synergism In 
diabetic gangiene, theie is almost always a mixture of organisms, and I be- 
lieve that those oiganisms woiking togethei make the infection infinitely inoie 
virulent than it would be if any of the oiganisms weie to be found in pttie 
cultuie In some cases m which gas gangrene oi some othei ovei whelming 
infection is present when the patient is admitted, a quick guillotine opeiation 
IS indicated without waiting foi bactei lal cultures However, m most cases 
time is affoided to make a complete analysis of the bacterial floia 

We are making it a routine piocedtiie to establish, as soon as possible, 
the numbei and kind of oiganisms that are piesent in all cases of diabet'c 
gangrene During that time, the preliminai y pi eparation of the patient, from 
the point of view of the diabetes, can be earned out Cultures should be 
taken not fiom one place but fiom many places in the gangrenous area 
Thus, all of the oiganisms with which one has to deal can be determined 
Of couise, all of the oiganisms which can be found on the suiface are not 
necessarily impoitant Many of these may not have invaded the tissues 
deeply, but certainly there is no oiganism which is deep which cannot be 
found on the surface If the hemolytic streptococcus or the Welch bacillus 
or any of the anaerobic streptococci are known to be jjtesent, then the pos- 
sibility of their latei developing an infection at the site of amputation should 
be in the mind of the surgeon He will anticipate it, be ready for it, and, if 
possible, prevent it To be foiewarned is to be foiearmed No one should be 
surprised if gas gangiene develops in an amputation stump 

Also, if cultui es ai e taken at the time of, and at the site of amputation, the 
suigeon may know what oiganisms to expect if an infection develops there 
secondarily It seems to me to be leasonable to plan on an open amputation 
if the Welch bacillus, if the hemolytic sti eptococcus, or if any of the micro- 
aerophilic oi anaerobic stieptococci are found in the original gangiene Sec- 
ondaiy closure can then be pei formed at the site of amputation, if cultures 
taken at the time of amputation show no evidence of the presence of those 
oiganisms aftei 24, 48. or 72 hours, and the wound can be piepaied to be 
closed in that time with the expectation of pinnaiy healing If those or- 
ganisms are not piesent in the original gangiene, the surgeon can close his 
amputation with much moie feeling of satisfaction and equanimity and with 

727 



ARTHUR A ZIEROLD 


Annals of Sureerj 
October less 


eveiy expectation that his wound will heal Avithout subsequent infection 
The level of amputation should depend laigely upon the level of adequate 
circulation 

The Staphylococcus aniens is another oiganism which may invade, and 
if present, the suigeon should know that there is a possibility of its invasion 
If he closes the wound at the piimary amputation, then he must be paiticularly 
careful to observe the eaihest signs of inflammation If infection develops m 
the wound which he has closed, then he should open it and treat it specifically 
if he knows the organism which is likely to be present 

Zinc peroxide is often of service in these cases It may be employed to 
hold the local lesion in sfafn quo while the general diabetic condition of the 
patient is being brought undei contiol Latei, if the Welch bacillus or the 
anaeiobic streptococcus or the hemolytic sti eptococcus is found to be present 
at the site of amputation, zinc pei oxide should be used foi immediate and 
specific tieatment 

In shoit, we have here a complicated pioblem ivith three major factois 
diabetes, blocked arteiies and infection All of these factors must be given 
serious consideration if we are going to reduce the moitahty in these cases 
to a reasonable figure 

Dr Herman E Pearse (Rochestei, NY) As with Doctor McKittnck 
and Doctor Gallic, we have approached the problem m a little different 
manner If there is any difference, it would appeal to be more appaient than 
real due to confusion m terminolog)' Foi this leason I would like to make 
a plea to abandon the term "diabetic gangrene " It covers a multitude of 
conditions which are not tieated alike In fact, the management of these 
cases IS predicated not on the diabetes nor on the gangiene, but on the state 
of the circulation 

You all know that under the teim “diabetic gangrene” are included such 
diverse conditions as diy, senile gangrene, and the gangiene from thrombosis 
or infection in the presence of an extremely good cii dilation In the fiist 
instance, local surgeiy is apt to be dangeious In the latter instance, local 
surgery is obligatory, because with a good cii dilation, local operation will 
frequently cure the individual and avoid an amputation In between these 
two extremes there are all varieties of combination of infection and circulatory 
deficit Unfortunately, one cannot say quantitatively how much the circula- 
tion IS impaired It would claiify this situation greatly if we might determine 
that an individual has a 30 per cent deficit 01 an 80 per cent deficit in his 
circulation, then we would use a uniform nomenclature 

It would appear desirable, then, not to include all cases under the one term 
of “diabetic gangrene ” If this is done, we can segregate the patients that 
would profit by local measures I am sure the greatest hope for the indi- 
vidual who has gangrene with a competent circulation is in the local surgery 
which avoids loss of the limb 

Dr Alton Ochsner (New Oilcans, La ) We have been able to de- 
crease the mortality rate m these cases in our institution by having them 
undei the care of one man. Doctor Charbonnet, who, because of his pre- 
liminary training in internal medicine, is paiticularly able to handle them 
effectively We have divided the cases of diabetic gangrene into three groups 
One, m which there is a progressive gangrene associated with infection, 
another, m which theie is considerable vascular competence, and the third, 
in which there is no vascular competence and in which the infection is mild 
In the first group, we are convinced that early amputation is life-saving as 
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Chart i — Clinical course of a case of diabetic gangrene in which conservative therapy was 
employed, showing persistence of hyperglycemia, glycosuria and fever in spite of attempts to 
control the diabetes Shortly after removal of the infected gangrenous foot, temperature, blood 
sugar, and urinary findings became normal 


Time in days 




Chart 2 — Clinical course of severe diabetic gangrene, illustrating the 
prompt return to normal of temperature, blood sugar and urinary findings 
immediately after amputation The diabetes in this case was much more 
severe than that illustrated in Chart i although the decrease in sjmptoms 
was very prompt following removal of the infected foot 
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illustiated by the two cases whose clinical couise is presented in Charts i 
and 2 

I would like to discuss the second gioup of cases to which Doctor Pearse 
has already lefened 

Conti aiy to what is commonly thought, the patient whose peripheral 
pulsations aie absent need not necessarily have an incompetent vascularity 
I think we as suigeons pay too little attention to the possibility of a vaso- 
spastic influence oiiginatmg in an infected focus m an extiemity Because 
of this, ill these patients m whom theie is not the uigency for amputation 
we have done a novocain block of their lumhai sympathetic ganglia and 
studied by means of plethysmogiaphic determinations the pulsations of the 
arteiiolcs of the toe, and m this way detei mined the degree of vasculai com- 
petence 

In those cases m which there was a considerable vascular competence, in 
spite of the fact that there ma)’^ be obliteration of the larger vessels, as cau- 
denced by absence of pulsation, we have felt ulti aconservatism was justified 
Following the determination of vascular competence by means of novocain 
block the sympathetic ganglia are blocked with alcohol wdiich produces vaso- 
dilatation for SIX to eight months 

I feel if one will consider the possibility of A'asospasm in these patients 
m whom theie is a necrosis or infection and offset the vasospasm by first 
novocain block and later alcohol block of the sympathetic ganglia, the possi- 
bility of saving these extremities and getting a good extiemity can be greatly 
enhanced 

Dr Arthur A Zierold (closing) It is mteiestmg m traveling to look 
around and see how many have arrived at the same destination but by dif- 
ferent loutes I feel a ceitam sense of giatification in that Doctors Gallic, 
McKittrick, and Ochsner have ai rived at approximately the same destina- 
tion, although by diffeient routes 

There is little that I can add to the discussion othei than to recall one 
statement, and that is that we aie not concerned solely with an alteiation in 
blood supply, but we aie concerned m an alteration in the cell needs and the 
cell metabolism 

As to the efficacy of the different pioceduies, I peihaps neglected to 
intimate that this was in lu}' mind, namely, a method of treatment of gangrene 
m the diabetic, and not the method I appieciate ver}' much the manner in 
which you have received this communication 
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FIBROMA OF THE OVARY WITH ASCITES AND HYDROTHORAX=' 

A FURTHER REPORT 

Joe Vincent Meigs, MD 
Boston, Mass 

Since the fiist lepoit of this syndrome by Meigs and Cass,^° in 1937, two 
ai tides have added thiee leceiit cases One case has lecently been repoited in 
full b)’’ Rhoads and TeiielO“ and two otheis aie lecoided by WekP® A 
fuither seaich in the liteiature, stimulated by a papei of Di Muiiel B Mc- 
Ihath,® 111 1937, has bi ought to light two much older cases A case lepoited 
by Di U J Salmon/^ m 1934, is of the same natuie Recently, Di Richaid 
H Milled^ and Dr Donald Macombei'^ have each opeiated upon a patient 
with this entity These additions to the lepoit of Meigs and Cass bring the 
lecoided cases to 15 Thus it is clearly established that this condition is a 
definite entity and desei ves to be called a syndrome The 1 eason foi the fluid 
in the chest as well as the abdomen is no cleaier and even the availability of an 
autopsied case fails to throw light on the pi oblem 

The impoitance of this syndiome is gieat, foi unexplained pleurisy and 
ascites may be caused by a tumor that can be ovei looked even on caieful ex- 
amination Abdominal paiacentesis may be necessaiy befoie the ovarian 
tuinoi can be felt The case of Rhoads and Teirell (No 15) demonstrates 
how easily a patient could be allowed to die with a diagnosis of mopeiable 
malignancy It is ceitam that if 15 cases have been found there must be many 
others, especiall}^ as six of the 15 have been opeiated upon by membeis of the 
Massachusetts General Hospital Staff It is cei tain, therefoi e, that throughout 
the woild many patients with this cm able lesion have been doomed to a slow 
death 

In patients with abdominal tumois and fluid in the chest it is very impoi- 
tant that the chest be tapped and roentgenograms then taken These may 
show, as they did in Case 10, that when the fluid was removed no evidence of 
metastatic malignancy was found If such roentgenologic study, plus examina- 
tion of the patient after abdominal paiacentesis, could be made a routine, then 
other uniecogmzed cases would be separated from the group of metastatic 
malignancies 

In no text-book on gynecology or pathology has there been definite men- 
tion of fluid in the chest being found in conjunction with fibroma of the ovary 
Fluid m the abdomen is mentioned many times, but not fluid in the chest In 
at tides by Hoon,^ Mcllrath,® Rhoads and Terrell,^- Weld,^® and in my® own 
book on pelvic tumois, the piesence of chest fluid is described Culhng- 
woith’s^ case, reported m 1879, is the first description of this interesting 
entity His patient died, and the autopsy does not explain how the fluid 
tiaveled from the abdomen to the chest, a question that is important to sohe 

*Read before the American Surgical Association, Hot Springs, Va, Maj ii, 12, 

13. 1939 


731 



JOE VINCENT MEIGS 


Annals of Surgery 
October 1939 


Symptomatology — The most fiequent symptoms of this lesion are difficulty 
111 bieathing and a sense of piessuie and weight m the abdomen Most pa- 
tients had dyspnea, some ovei long peiiods of time (months) The presence 
of ascites, oi at least of an abdominal mass was known to have existed 
111 one case (Case 15) foi eight years and in another (Case i) for five yeais 
Table I shows that abdominal symptoms may be of long or short duration A 
nunibei of patients complained of abnormal bleeding — an evidence of failing 
oval lan function Small ovai laii cysts in normal or tumorous ovaries may be 
consideied such evidence These cysts, follicle in type microscopically, re- 
semble those seen in othei solid tumors of the ovary such as Krukenberg 
tumois, and 111 the latter cases abnormal bleeding may be piescnt As in 
metiopathia hemoirhagica, failing ovaiian function is manifest by a peisistent 
follicle cyst Symptoms of dyspnea, pain and discomfort in the chest, and the 
piesence of abdominal distention should draw attention to this lesion 

Table I 

DURATION or KNOWLEDGE Or ABDOMINAL MASS OR DURATION OP ABDOMINAL SYMPTOMS 


Case I 

5 years 

Case 8 

I year 

Case 2 

3 years 

Case 9 

3 months 

Case 3 

2 weeks 

Case 10 

3 months 

Case 4 

I year 

Case II 

Several years 

Case 5 

I year 

Case 12 

2 months 

Case 6 

3 years 

Case 13 

6 weeks 

Case 7 

At admission 

Case 14 

2 years 


Case 15 8 >ears 


Physical Examination — Physical or 1 oentgenologic examination disclosed 
the presence of fluid in the chest in every case In some it was only demon- 
strated loentgenologically, but in 12 cases it was demonstrated by tapping the 
chest and obtaining fluid In only six was the abdomen tapped to prove the 
piesence of fluid, but at opeiation, abdominal fluid was found in all cases In 
all patients, but in some only following abdominal paracentesis, a mass was 
found in the abdomen Cachexia is not uncommon and is due to rapid dehy- 
dration because of the quick reaccumulation of fluid in the chest and abdomen 
after tapping 

Lahoi atoi y Data — The laboiatory findings in subsequent cases add noth- 
ing to those reported by Meigs and Cass m 1937 The specific giavity of the 
fluid IS that of a transudate, the piesence of lymphocytes is noted, and the 
absence of tumoi cells whenever looked for Numerous attempts to obtain 
positive guinea-pig tests failed and in no instance was tubeiculosis pioved 
Apparently the fluid is not in the natuie of an mflammktoiy reaction The 
blood studies wei e of no significance, and the elevation of the temperature was 
minimum The serum piotein in Case 10 was 7 i mg and in Case 15 V was 
6 9 befoi e operation and 7 3 at time of discharge These figures are within 
1101 mal limits 

Pieopeiahve Tieatnient — In many cases the chest and abdomen were 
tapped numeious times Table II shows that abdominal paracenteses were 
performed about half as often as chest taps It is to be noted that the chest 
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fluid reaccumulated with gi eat rapidity, and i elief was short in most instances 

Ope?atwe Pathology — In all but two instances, a single fibroma of the 
ovaiy was found at opeiation Since the first lepoit, two patients have been 
found with bilateial fibromata One would immediately suspect that these 
bilateial fibromata might be Kiukenbeig tumors of the ovaiy, i e, metastases 
m the ovaiy fiom a caicinoma of the stomach, except for the fact that one 
patient with bilateial tumors (Case i) died, and at autopsy no mention was 
made of a gastiic neoplasm Krukenbeig’s original name for his tuinoi is 
“fibiosaicoma ovaiii mucocellulaic caicinomatodes” , therefoie, it is reason- 
able to assume that they might easily be confused with true fibromata of the 
oval 3’^ The othei patient (Case 12) is known to have been well at least three 
months after her operation, and there has been no suspicion of gastric cancel 
Abdominal fluid was found m ever}' case, vaiying from small to veiy laige 
amounts, and its coloi langing fiom the usual straw coloi to serosanguincous 
The tumoi s varied in size fi om 9 to well ovei 20 cm , and many of them were 
reported as being u edged in the pelvis 

Theie uere no fatalities following the opeiation, and convalescence in 
neail}' all instances was uncomplicated In thiee patients fluid lemamed after 
operation but giadually receded and vanished In only one patient (Case 6) 
was it necessary to do a chest tap aftei opeiation and this was done directly 
afteiwaid The patient who came to autopsy died suddenl}' while in the hos- 
pital and before any surgery ^\as undertaken She was m the hospital undei 
observation foi six months and finally died of severe d}'spnea and a geneial- 
ized collapse It is most piobable that w'lth oui present knowdedge, this 
patient W'ould have sui vived 

Histologic Pathology — All tumoi s w'eie fibiomata and were made up of 
interlacing bands of tough, wdnte connective tissue wnth cystic areas The 
cysts repiesent either areas of liquefaction following interfeience wnth the 
blood supply 01 follicle c}'sts that have growm laige and have not been 
obliterated 

The fibrous connective tissue of the ovaiian stroma, deiived as it is fioin 
the primitive mesenchyme of the embr3'onic gonad, gives rise to the fibroma of 
the ovary The fibromata under discussion are all simple tumors and no evi- 
dence of lutemization as in “xanthofibioma cellulaie” has been demonstrated 
It is probable that the abnoimal bleeding occasionally occuning in this syn- 
drome is due to changes of a piohfeiative t}'pe in the endometrium (Case ii) 
due to peisistent follicle cysts lather than to lutein changes in the fibroma 

End-Results — Except foi one patient that died without being operated 
upon, the end-results aie uniformly excellent, and in no instance has it been 
necessaiy foi the patient to letuin foi lemoval of fluid from the chest or ab- 
domen Now that 14 cases have been seen and followed aftei operation it is 
obvious that the tieatment is satisf actor}' If this entity is suspected in a pa- 
tient, an effort should be made to prove it, and no patient should be lefused 
exploratory opeiation m order to confirm the suspected diagnosis 
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A CHRONOLOGIC PRESENTATION OF ALL KNOWN CASE REPORTS (15) OP 
PATIENTS IMTH FIBROMA OF THE OVARY COMPLICATED BY 
ISCITES AND HYDROTHORAX 

Case I — CulhngwoitlF A K, age 35, a widow, was admitted to St Mary's 
Hospital, Manchester, England, Maich ii, 1879 She stated that she had had a 
sw'elling in the right groin, which she fiist noticed atter the birth of her fifth child 
five years before This, hoivever, had disappeared until December, 1878, when she 
again noticed it At the time of admission, she was having a slight uteiine hemoirhage, 
wdiich had been present continuously foi about three months, pievious to w'hich time 
she had menstruated regularly The patient had a florid, healthy complexion, and 
had not suffered in her general health 

Physical Eiaiiunalwn — Tw'o hard, solid, nodulated tumors w'eie disco\ered 111 
the pelvis One occupied the right side and extended a little over to the left, Ijing 
in front of the uteius and immediately beneath the abdominal wall It was freely movable 
w'lthin a limited aiea The second tumor, larger than the first, lay behind the uterus, 
w'lth its smaliei end dipping dowm into Douglas’s pouch which it completelj filled, and its 
larger end rising up above the level of the fundus uteri The tumois were not adherent 
to the surrounding parts, and there w'as no fluid noted, at this time, in the peiitoneal 
cavity 

The uterine hemorrhage finally ceased about the middle of June, 1879, from which 
time the patient’s health lapidly declined She lost weight, and ascites supervened 
to such an extent that on being admitted as an inpatient, at the end of July, the giith 
of the abdomen at the umbilicus was sqVz inches (1003 cm) By August 12, 1879, 
It had inci eased to 42)^ inches ( 108 cm ) She suffered also from pleunsj , first on 
the left side, where effusion took place, and subsequently over the greater part of 
the lower lobe of the right side, w'here loud faction sounds were audible to within 
a short time of her death On September 10, 1879, the patient became sudden!} worse, 
with symptoms of intense dyspnea and general collapse She died on the following day 

Autopsy — The left pleural cavity was found full of fluid, and the whole of the 
left lung entirely collapsed On the right side, the lower lobe was firmly attached 
by recently formed adhesions to the diaphragm and chest wall, and the w'hole lung w'as 
congested and edematous 

There was a large quantity of fluid in the peritoneal cavit}, and the peritoneum w'as 
thickened and opaque The abdominal and pelvic viscera w'ere healthy with the exception 
of the ovaries, each of which had become transformed into a solid tumor The tumor 
of the right ovaiy lay in front of the uterus and right broad ligament, crossing over to 
the left of the median line That of the left ovary was wedged firml} in the pelvis 
behind the uterus, some force being required to extract it Neither tumoi was adherent 
Both were solid throughout, with the exception of a serous cyst, about one inch in 
diameter, vvhich had formed in the substance of the growth on the right side, close 
beneath the capsule The weights and measurement of the tumors were as follows 

Weight Length Breadth Thickness 

Right 9 oz (255 Gra ) 5 ms (12 7 cm ) 3K ms ( 9 5 cm ) 2 ms (57 cm) 

Left 22 oz (624 Gm ) 6 ms (15 2 cm ) 5 ms (12 7 cm) 3 ms (76 cm) 

The tumors were firm and nodulated, whitish-gray in color, wuth a smooth, glisten- 
ing surface It was evident that they had replaced the ov'aries, no portion of the normal 
tissue of the ovary remaining The cut surface was firm, dry, and homogeneous, of a 
vvhitish-yellow appearance, and presented numerous small openings, of the size of a pin’s 
head, which were evidentl} small c}sts, while the larger cyst, alread} described as 
existing at one part of the periphery, was seen to be filled with a glairy fluid Numerous 
whitish bands, irregular in their course, passed in from the fibrous capsule and sub- 
divided the tumor into lobes, vvhich in many places had a concentric arrangement The 
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portions of the tumor enclosed within these trabeculae were equally firm, presented a 
finely fibrous appearance, and were of a somewhat yellowish tinge 

Tlie tumors were examined microscopically in the pathologic laboratory of Owens 
College, by Doctor Dreschfeld, who has kindlj furnished the following report "The 
microscopic structure is best seen in sections cut from a part of the tumor which had 
been placed at once in Muller’s fluid and hardened This section shows the tumor to 
consist of fine and coarse fibers, along with cellular elements, blood vessels, and small 
microscopic cysts The blood vessels are numerous, the larger ones consist of fully- 
formed arteries and veins, with well-developed muscular walls, the smaller ones are 
found to be capillaries The section also shows the existence of larger spaces, bounded 
by fine fibers which form a kind of lining membrane, they are not lined by endothelium, 
nor do they contain other than fluid contents , their well-formed fibrous boundary, how- 
ever, shows them to be cysts and not mere breaks m the tissue In a section prepared 
from a portion of the tumor hardened m spirits, the arrangement of the fibrous tissue 
IS seen to better advantage, but the cellular elements and blood vessels appear much 
shrunken The tumor is a fibroma The cysts not being bounded by distinct epithelium 
are probably due to cvstic degeneration of the primarj tumor masses ” 

Case 2 — Massachusetts General Hospital A female, age 42, single, entered the 
hospital, April 29, 1901, comp)aiiiiiig of pain in the right chest of one week’s duration 
Pam had increased gradually and she had become short of breath The catamenial 
history was negative until three years before, when she occasionally skipped a month 
She had had no cough, dyspnea, or pain before the present illness 

Physical Examination showed a well-developed and well-nourished woman The 
heart was negative There was flatness over the right chest throughout, with diminished 
voice sound and fremitus Respiration was also much diminished The left chest was 
negative The abdomen showed a large, hard mass extending up to the umbilicus Several 
nodules, like small fibroids, could be felt over it 

On April 30, 1901, 80 ounces of clear fluid were aspirated from the right chest 
This made the patient much more comfortable, but physical signs showed that there 
was still considerable fluid present On Maj 3, 1901, 62 ounces were withdrawn, with 
much relief to the patient (An inoculation from this chest fluid was made into a 
guinea-pig The animal was found dead on May 21, 1901, and an autopsy was per- 
formed which showed no evidence of tuberculosis ) The patient made an uninterrupted 
convalescence and was discharged, much relieved. May 7, 1901 

On May 28, 1901, the patient was leadmitted, complaining of cough with con- 
siderable yellowish sputum, without blood For the past two weeks dyspnea had again 
steadily progressed, so that she was unable to he on the left side, and could walk only 
with difficulty 

Physical Examination showed both lungs symmetrical with expansion of the left 
greater than the right There was right chest flatness below the level of the spine 
of the scapular and second rib m front with dulness above these limits and tactile 
fremitus diminished above and absent below The interspaces were slightly fuller over 
the right chest Respiration was feeble and with diminished voice sounds No rales 
were heard Heart impulse was palpable m the fifth space m the anterior axillary line 
and dulness corresponded 15 cm from the midsternum The sounds were of good quality 
and there were no murmurs Pulses were equal and synchronous, of low tension, small 
volume, and regular The abdomen was convex both ways, abruptly prominent, and 
slightly fuller in the right lower quadrant A hard mass could be felt rising from 
the pelvis to two fingers’ breadth from the anterior superior spine on the right, thence 
to two fingers’ breadth above the navel line and descending to the left , this mass was 
hard, nontender, nonfluctuant, and movable laterally and anteroposteriorly The flanks 
were tympanitic Vaginal examination showed that the mtroitus admitted two fingers 
with difficulty The cervix was low, of normal size, conical, and pointed perpendicular 
to axis of the vagina The same hard mass was felt in the left vault and the posterior 
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culdesac The bod}-^ of the uterus could not be made out Henioglobiu was 85 per cent 
and the white blood count 11,000 The urine was normal 

On May 29, the patient was uncomfoi table from dyspnea all night The right 
chest was tapped and 68^ ounces of clear, straw-colored fluid withdrawal, wath a 
specific giavity of 1,016, slightly alkaline, and the albumin content was 32 per cent 
A slight sediment contained mostly fibrin flakes wath a few degeneiated epithelial cells 
and leukocytes No oiganisms were found 

On June I, the right chest w^as again tapped and 58 ounces w'ere withdrawal The 
fluid was clear and straw-colored, with a specific gravity of 1,017, slightly alkaline, 
albumin 3 per cent 

On June 3, a surgical drainage of the thoracic effusion w'as done undci cocaine 
anesthesia An incision two inches long was made through the skin A needle was 
introduced, follow'ed by the escape of jellow' fluid A knife was passed in and an 
incision was made through the intei costal musclts and pleuia betw'een the seventh and 
eighth ribs Two small tubes were introduced and about 48 ounces were evacuated 
On June lo, the patient spent a lather uncomfortable day She was not draining 
so much, the abdominal growth seemed increasing in size, and theie was a question 
of ascitic fluid She was losing ground a little On June 12, she had considciablc 

pain and W'as draining piofusely Her abdomen w'as tapped and the fluid injected into 
a guinea-pig and found to be nontuberculai By Julj 2, the patient had lost stiength 
Her feet were sw'ollen The thoiacic cavity was washed out every day and four 
ounces of foul pus withdrawn There was considerable distention of the abdomen The 
abdomen was tapped again on July 7, and over six pints of reddish fluid were with- 
drawn On August 13, 1901, the patient was dischaiged much relieved 

On September 18, 1901, the patient leenteied the hospital for operation for an 
abdominal tumor, considered to be a fibioid of the uterus She had continued to improve 
and had gained eight pounds in the twm weeks previous to admission 

Under ether anesthesia, an ovarian tumor was lemoved, September 20, 1901 A 
long, median suprapubic incision was made and the peiitoncum opened with immediate 
escape of considerable stiaw-coloied fluid A large whitish mass presented After 
some manipulation, with the bieaking up of adhesions, a mass about the size of a 
child’s head, very solid and whitish in color, was removed The pedicle, including 
the tube, was tied off with heavy silk On October 19, the patient was discharged 
well and m good condition 

The pathologic report showed the mass to be an iriegularly rounded tumor, measur- 
ing 20 cm in greatest diameter and weighing 2,440 Gm On section, the surface was 
moist, with numerous small cystic cavities, and on one side a remnant of ovarian tissue 
could be identified The outer surface w'as coveied wnth thin, fibrous membrane in 
which w'ere numerous thin-walled veins and some slight adhesions The consistencj 
was firm, almost cartilaginous, and at one place the surface W'as deeply fissured The 
tube was normal Microscopic examination showed the structure to be made up of 
intei lacing masses of fibrous and muscular tissue, in places quite cellular, in others 
less so 

Throughout the growth were chmk-Iike spaces which w'ere evudentlj of vascular 
origin A diagnosis of fibromyoma was made 

In December, 1902, the patient wrote that she was in excellent health and had 
been married the previous September 

Case 3 — Massachusetts Geneial Hospital A female, age 55, married, para i, en- 
tered the hospital, June 9, 1902 Five months previously, she had had “pleurisv” with 
a slight cough and pain m the lower chest m front, not especiallv connected with 
respiration She was confined to bed for three months, and had never been strong 
since She was tapped five times in the right back and two to four quarts of fluid 
were removed For the past two weeks, her abdomen, which had alwavs been prominent, 
had increased rapidly in size She was constipated but her bowels moved well with 
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cathartics She had occasional vomiting without blood and considerable abdominal dis- 
comfort Three years before, she had noticed a tumor moving from side to side in the 
lower abdomen , it moved spontaneously and felt “like a baby ” She had no pain or 
discomfort from this mass 

Physical Examination showed a well-developed and pooily nourished woman, with 
fairly good color She had a small, rapid pulse of low tension The heart was negative 
Respirations were slightly harsh all over, with an occasional rale, especially in the 
right base There was dulness in the right axilla and right back below the angle of 
the scapula, with practically no respiration or voice sounds Liver dulness began at 
the fifth nb in front The abdomen was greatly distended, with shifting dulness m 
the flanks and tympany in the upper portion of the abdomen There was a marked 
fluid wave Nothing was palpable through the distended abdominal wall There was 
slight dilatation of superficial veins No edema of legs or face was noted Pelvic 
examination showed a polyp, the size of an English walnut, presenting at the vulva 
with a narrow pedicle springing from the posterior wall of the interior of the cervix 
Bimanual examination was unsatisfactor3' , the uterus appeared to be in good position 
and not enlarged The culdesacs were full of fluid There was slight tenderness in the 
left culdesac 

At operation, on June lo, under ethei anesthesia, an incision was made in the 
median line below the umbilicus The peritoneum was opened and six to eight quarts 
of yellow, clear fluid escaped A mass in the right side was delivered into the wound 
and found to be an ovary the size of a coconut A few adhesions were separated The 
ovary and part of the tube were removed Manual examination of other organs showed 
them to be apparently normal On June 26, the patient was discharged well 

The pathologic report showed an irregular, lobulated mass covered for the most 
part by peritoneum Weight i kg , 14 cm in diameter Adherent to one side was 
the fallopian tube, 6 cm long, apparently normal In one place the onientum, which 
contained many large vessels, was adherent On section, there were masses of grayish 
tissue separated by bands of edematous connective tissue A diagnosis of edematous 
fibromyoma was made The patient died, October 25, 1913, years postoperatively 
The cause of death was given as senility and ventral hernia 

Case 4 — Massachusetts General Hospital Female, age 38, married, para 2, en- 
tered the hospital, October 9, 1908, complaining of not having felt well for the past 
year She had had some pain in her shoulders and back Seven months previously 
she consulted a physician because of pain m the left side, which she described as sharp 
and knife-like and which prevented sleep A left pleural effusion was found, the chest was 
tapped, and two quarts of fluid were withdrawn She had been at rest, had been out of 
doors, and had had an extra diet with improvement, but the fluid returned very rapidly 
About four weeks prior to her admission, she had noticed the abdomen increasing in 
size , this continued up to the time of admission She had had some dyspnea on exertion 
for a good many years, but it had been woise since the fluid in the chest appeared and 
had become very greatly increased since the fluid m the abdomen had been noticed 
She could not he down flat but could walk up the stairs For two days previous to 
her admission, her feet and legs had been swollen A note from her local physician 
stated that her urine was normal Three examinations of the sputum had been negative 
for tubercle bacilli 

Twelve months previously, a physician had found a uterine fibroid, and for two 
to three years previously she had felt something wrong m the region of the uterus 
She had had no treatment There had been no ascites 

Physical Examination showed a well-developed and well-nourished woman, with 
skin and mucous membranes of good color She breathed easily in semirecumbent 
position or bed rest No cervical, axillary, or inguinal nodes were palpable The 
heart apex impulse was not seen or felt, but pulsation was felt best to the right of 
the sternum The left border of dulness was not determined The right border, m 
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the fourth interspace, was 6$ cm to the light of the midsteinum Sounds were best 
heard to the light of the sternum The}' wcic rcgulai and of good quality There 
were no murmurs Pulses were synchionous, equal, regular, and of fair volume and 
tension Tlie left chest was flat throughout and bieathmg was distant and at the base 
behind close to the spine thcie was egophony Tactile fiemitus was absent There 
was flatness below the fifth iib in tlic mammary line on the right The line of 
flatness extended around tlie chest in a horirontal line to 25 cm below the lower 
angle of the scapula in the back Bicatiiing thioughout the right chest was normal 
The abdomen was vcij prominent, the greatest giith being midway between the um- 
bilicus and pubes, and measured no cm The umbilicus was flush The abdomen was 
tense but not rigid No masses could be felt No tenderness or shifting dulness was 
noted A fluid wa\c was obtained Lnei dulness began at the fifth rib, the low'er 
border not being determined There was slight, soft edema of the feet and ankles 
On October 10, the patient’s abdomen was tapped, 18 pints of clear yellow fluid 
being obtained, and the end of the trocai impinged against a solid tumor which some- 
what interfered with the flow' 

Report of the ascitic fluid showed nine quarts of clear straw-colored fluid, alkaline, 
specific gravitj i,oiS, albumin 24 per cent A culture was taken Smears showed a 
predominance of l\mphoc\les Some of the fluid w'as injected into a guinea-pig , the 
animal was killed, No\ ember 14, igo8, and an autopsy showed no tuberculosis On 
October 19, a skin tuberculin test was negatne after 48 hours The patient com- 
plained of abdominal pain ladiatmg to the right chest, nausea, and frequent vomiting 
She had no feicr and thcic was no change in the nlnsical signs 

The fluid m the abdomen increased while the fluid m the chest seemed to be less 
On October 25, the patient’s abdomen was again tapped, low' dow'n m the right flank, 
and 14 pints and nine ounces of a clear ■scllow' fluid weie obtained Girth before tap- 
ping measured 100 cm and after tapping 83 cm Repoit of the ascitic fluid show'ed 
slightly cloud\, straw-colored fluid without clot alkaline, specific gravity 1,017, albumin 
2 per cent, endothelial cells 34 pei cent, neutrophils i per cent Bactenologic report 
One colony of Staphylococcus olbti^ (considcicd a contamination) 

On October 29, the left chest was tapped, it was thought best to remove only 
eight ounces because the fluid had been in the chest so long Small amounts were to 
be taken out at mtcivals so as to encouiagc expansion of the lung Report of the 
chest fluid Pale vellow, straw-colored w'lthout clot, specific gravity 1,017, albumin 17 
per cent Smear of sediment showed a iiredominance of hmphocytes Lymphocytes 
55 per cent, endothelial cells 44 pei cent, polj morphoniiclear cells r per cent 

On November 3, eight ounces of fluid w'cre lemoved from the left chest, there 
seemed to be no return of fluid aflei the last tapping Bieathmg w'as easier Skin 
tuberculin reaction, No\ ember 6, w'as strongly positive On November 7, the left 
chest W'as again tapped and about eight ounces of fluid w'ere removed Immediately 
afterw'ard, the abdomen w'as tapped in the right flank and 15 pints of fluid were removed 
The girth of the abdomen after tapping w'as 88 >5 cm 

On November 10, thcie w’as apparently less fluid in the chest There was resonance 
to the third rib in front and midscapula behind Bieathmg over this area was as good 
as on the unaffected side There w'as a right border of cardiac dulness 4 cm to the 
right of the median line 


The left chest was tapped, Novembei 12, and eight to ten ounces of fluid were re- 
moved Ascites increased and was associated w'lth edema of legs Qiest signs re- 
mained unchanged The patient w'as started on cathaisis and diuresis, November 20, 
0 see if the ascites would diminish The girth of the abdomen was 108 cm The 
the^*^*^*^ tapped, November 2X, and 18 pints were obtained On November 28, 
® girth of the abdomen had increased to 103 5 cm , and the patient had gained four 
the” ^ weight m 24 houis Vaginal examination at this time showed a mass filling 
pe vis, crowding the cervix behind the pubes, continuous with the suprapubic tumor 
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The tumor was veiy hard, irregular, nonelastic and in the median line Operation was 
advised to relieve a suspected tuberculous condition of the peritoneum and for diagnosis 
of the uterine tumor 

On December 5, there was so much discomfort caused from the abdominal dis- 
tention that it was tapped and 260 ounces of fluid were obtained, similar in character 
to that previously rumored On December 8, the left chest was tapped and nearly two 
quarts of fluid were obtained It was hoped that this would give the lung a better 
chance to expand 

Operation was performed, December 12 A two-mch median incision was made 
The peritoneum was opened, and several quarts of a thin yellowish-brown fluid escaped 
A solid ovarian tumor was then delivered with some difficulty, and was removed 
Gauze was packed into the pelvis The pedicle arising from the left broad ligament 
was tied off with silk and the ovary of that side removed The abdomen was explored 
and nothing else abnoimal was found 

The pathologic report showed a solid tumor occupying tlie region of the ovary, 
measuring about 20 cm in diameter, flattened, and upon section having a white, fibrous 
surface with some areas shghtlj hcmonhagic in character Microscopic examination 
showed a growth of fibrous tissue with rather numerous and large cells, traversed by 
vessels having a wall slightly differentiated from the surrounding tissue A diagnosis 
of fibroma was made 

Following operation the patient continued to improve, but on December 31, she 
complained of sharp pain, on inspiration or coughing, m the right axilla She was 
transferred to the Medical Service for further observation and treatment Examina- 
tion of the heart showed apex impulse not seen but felt faintly in fifth space cm 
to the left of the midsternum 2 cm inside the nipple line Sounds weie regular and 
of good quality No murmurs were heard The pulmonic second sound was greater 
than the aortic and not accentuated The pulses were synchronous, equal, regular, and 
of fair volume and tension The abdomen was slightly rounded, soft, and tympanitic 
throughout There were no masses or tenderness The liver was at the sixth rib to 
the costal border , the edge was not felt The splenic edge was not felt There 
was no edema 

On January 5, 1909, friction rub and pain in the side were still present, but aside 
from this the patient felt better and was up and about the ward all day Potassium 
iodide was given, 10 gr three times a day She coughed a good deal for 24 hours 

On January 9, there was no fluid in the chest There was a little dulness at the 
extreme left base posterior, but normal breathing was heard at the base There was 
a coarse friction all over the left back below the scapula and in the axilla The lungs 
were otherwise normal She felt very well There was no pain in her side The patient 
was discharged, January 9, 1909 

On November ii, 1935, a communication from the patient stated that she was m 
good health and very active Thirteen and one-half yeais previously (13^ years 
postoperatively) she had had to undergo an operation for adhesions of intestines and 
removal of the appendix and several small tumors A letter from the surgeon who 
performed the operation stated that the patient entered the hospital complaining of 
spotting of blood of two weeks’ duration Preoperative examination showed adhesions 
about the uterus and a soft, tender mass in the left adnexal region A preliminary 
dilatation and curettage was performed, with negative findings On opening the abdomen 
dense adhesions were encountered , many loops of the ileum were adhered to each other 
and to a mass in the pelvis The uterus was completely buried in adhesions The left 
ovary was buried in a mass of adhesions and consisted of numerous follicle cysts 
and fibrous tissues , it was dissected out, and together with the uterus (which was 
very slightly enlarged) was removed Kidneys, liver, gallbladder, and upper abdomen 
were all palpated and were apparently negative The specimens were examined grossly, 
but no sign of any malignancy was noted The patient made an uneventful recovery 
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Case 5 — Mayo Clinic Female, age 36, niained, para i, entered the hospital, July 
31 1917, complaining of a piolapsing uterus and “bloating” of the abdomen After 
the birth of her child, thicc 3 cars prior to hei admission to the clinic, the patient had 
been confined to bed for three weeks, menstruated considerab^ at the time, and for two 
or three w-ecKs had felt a diaggmg sensation continually After about one 3'ear, she 
had noticed a piolapse of the uterus, which graduall3’' came dowm faither until it pro- 
truded foul or five inches At the same lime, she had noticed bloating of the abdomen, 
w'hich was diminished but not cntiiel} reduced after uiination, wdiich phenomenon 
had been more cMdcnt during the last six months Appetite poor She w'as constipated 
at times and passed a lellow, mucus-like matcnal w'lth the fecal matter There had 
been a foul discharge for fue months During the spiing pievious to her entry she 
had experienced sw'cats and chills, with some coughing and expectoration She had 
steadily lost weight and strength, but there was no coughing or expectoration at the 
time of her admission 

Tlie famil) histor} dc\ eloped no cMdcnce of cancer or tuberculosis The patient’s 
first menstrual period, at age 12, had been \ci\ painful, since then the periods had 
been regular The patient had had a child at the age of 32, at wdnch time the labor 
had been icr} difficult Forceps liad been used and theie had resulted a bad tear 

Physical Eiamiualiou levealcd a blood pressure of 106/96 Examination of the 
chest rciealed dulncss and decrease in fremitus, moic marked on the left side The 
postcenical axillari nodes were shghth cnlaigcd The heart dropped a beat every 
six to 20 beats 1 he abdomen w'as distended w ith fluid, and there w'as tenderness 
and bulging o\cr the flanks and a central t3mpan\ in a supine position, wuth a fluid 
wa\e There were large masses attached to, and movable with, the uteius The cervix 
was soft and dilated, mcnstiual discharge was picscnt ‘•N. catheterized specimen of the 
urine revealed an occasional red Iilood cell Hemoglobin 71 pci cent, leukocytes 8,500 
Roentgenologic examination of the chest rcrcalcd bilateral fluid extending as far as 
the seicnth rib posteriori} 

In view of the lattei finding, aspiration of the chest w'as carried out, August 4, 
follow'ing W'hich the diagnosis of malignanc} w'as raised Roentgenologic examination 
after the aspiration show'cd some improvement in the chest condition 

On August 16, exploration was peifoimed A large tumor, the sire of a child’s 
head, w'as found, which had tlic clinical appeal ance of malignancy, but w'hich the 
pathologist reported to be benign There was marked ascites The ovarian tumor 
was \er3 adheicnt, w'as impacted in the pchis, and w'as difficult to lemove The sigmoid 
flexure w'as short The appendix w'as normal and w’as not disturbed No gallstones 
could be felt A subtotal abdominal hrstcrectomv with bilaterial oophorectomy and 
salpingectonn was performed The final pathologic rcpoit show'ed metritis, chronic 
salpingitis, and degenerating fibroma of the right ovar} 

The patient’s convalescence w'as uneventful and she left the hospital, August 30, 

1917 

She returned to the Clinic again in August, 1921, at w'hich time she stated that 
s e had been w'cll since her operation , her appetite w'as good, and she had gained 50 
pounds in w'eight She w'as again seen in September, 1921, at w'hicli time the general 
examination was essentially negative 

26 ^ Mayo Clinic Female, age 53, mariied, entered the hospital, November 

, 1920, complaining of bloating of the abdomen and some pain between the scapulae 
iree years prior to the patient’s admission she fell down 22 steps, after which the 
enses stopped completely and at that time she began to experience pain m the lower 
paii^™*^*^' which was more seveic when she attempted to walk Associated with this 
and^ considerable bloating, which was veiy seveie at times Steam-cabinet baths 
JOi'l massage gave considerable relief Following an attack of pleuiisy m 

j. ’i^ some substeinal pain and moderate discomfort in the mterscapular 

ere was no evidence of an acid-fast infection, with the exception of 
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occasional night sweats The gastro-intestinal history was essentially negative, and 
it was noted that there had been some dyspnea on exertion and occasional nocturia 
Three }'^ears previous to the patient’s entry, she had been hospitalized elsewhere and 
had had 40 ounces of fluid removed from the chest, and seven weeks later, 60 ounces 
of fluid were removed The patient had been ver> dyspncic before her first hospitaliza- 
tion and was relieved only bj tapping of the chest, with moderate abdominal ascites 
Her father had died of arteriosclerosis, in other respects the family history was 
essentially negative She had been married 22 years but had never been pregnant 
Menstrual periods had been normal until three vears prior to her admission, at which 
time they had ceased completelj’' She had had diphtheria several j'ears previously, in- 
fluenza in 1898, and pleurisy m 1915 

Physical Examination revealed a blood pressure of 108/80 An area of dulness 
to flatness was noted m the lower right chest , no breath sounds were noted , there 
was an absence of tactile fremitus, whispered pectoriloquy was observed and increased 
vocal fremitus, amounting to bronchophonv The left border of the heart was just 
within the anterior axillary line, m all probabilitj displaced and only slightly hypertrophic 
The abdomen was dome-shaped, with signs of the presence of considerable fluid 

Uranalysis was essentially negative Hemoglobin 73 per cent, red blood cells 
4,600,000 and leukocytes 6,000 Roentgenologic examination of the chest showed fluid 
in the right chest up to the level of the second rib A paracentesis was performed, 
November 30, 1920, and six and one-half liters of clear, straw-colored fluid were 
aspirated On December i, 1920, about 1,600 cc of clear, straw-colored fluid were 
aspirated from the right chest, bacteriologic studies revealed no bacteria and no growth 
of organisms 

Abdominal exploration was carried out, December 9, 1920, through a midline 
incision Several liters of straw-colored fluid were evacuated A large, nodular, 
friable tumor (about the size of a large grapefruit) of the right ovary was found at- 
tached by a rather small pedicle, which was removed The left ovary was about the 
size of a buckshot and was not disturbed The uterus was normal in size and position 
There was apparently no metastasis to the peritoneum or liver 

Pathologic examination showed an edematous, degenerating fibromyoma, with the 
remaining ovarian tissue flattened out over it 

Convalescence was essentially without incident, and she was discharged, Januarv 
14, 1921 

Five months later (June 21, 1921), the patient returned to the Clinic She had 
gained 20 pounds in weight, and her general health was excellent Abdominal and 
bimanual pelvic examination failed to reveal any trace of recurrence of the tumor 

Case 7 — Leo'’ Female, age 64, was admitted to the hospital, March 25, 1926, com- 
plaining of dyspnea, cough, and pain in the right chest of several months’ duration 

Physical Examination revealed a poor general condition, signs of a large pleural 
effusion in the right side of the chest, and a mass, the size of an adult’s head, in the 
lower part of the abdomen 

Repeated chest taps were necessary to keep the patient comfortable, 1,000 cc of 
fluid being removed every three or four days This had the characteristics of a transudate 
and no definite diagnosis could be made by study of it Tuberculin skin test was 
positive Echinococcus skin test was negative Shortly after admission, ascites developed 
and became quite marked The patient ran a slightly elevated temperature 

Because of the downhill course of the patient and because of the apparent hope- 
lessness of the situation, operation was performed, July 25, 1926 The abdomen was 
opened and a large amount of greenish-yellow fluid escaped A large mass was found 
occupying the region of the left ovary The uterus, the right ovary, and the other 
abdominal organs were normal, although no specific mention of the liver was made 
The mass, which proved to be a benign tumor of the ovary, was removed 

After a stormy postoperative period, the patient finally recovered and was dis- 
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charged on the twentieth daj aftei opeiation Theie had been no return of the fluid 
eveept for the withdrawal of 300 cc of fluid fiom the light chest on the fifteenth day 
postoperatnc No further chest taps were icquiied 

On check-up, two months aftci dischaige, the patient’s geneial condition was 
excellent, and there was no cMdcnce of fluid in either the chest or abdomen 

Case 8 — de Rouvillc,^ ’ ct al Female, age 58, wudow, para 4, was admitted to 
the hospital in April, 1928 The patient w’as very emaciated and had an enormous 
abdomen One \ear before admission, she had “grippe” foi thiee months, and this 
was accompanied b\ a piodiictnc cough The “giippe” apparently over, the patient 
noticed an mcreasingh lapid enlargement of her abdomen, wnthout pain At the end 
of one month, she had an abdominal tap and 15 liteis of hemoirhagic fluid were 
obtained Se\en other taps were performed within the next eight months The fluid, 
alwa>s quite abundant, ceased to be hemoirhagic, and gradually became yellow The 
general condition changed, almost bonlcring that of cachexia Marked dyspnea was 
present 

Phvstcal J 2 xaiunialiflu showed a ver} distended abdomen The puboxyphoid dis- 
tance was 157 cm, and palpation ga\c a sense of resistance Definite fluctuation w'as 
piescnt Percussion elicited the signs of free fluid Vaginal examination levealed 
the signs of fluid in the culdcsac No tumor w'as felt There was dulness over the 
left lung with a pleuritic mb o\cr the apex On exploratoiy puncture a little yellow' 
fluid was aspnated On the right side, thcic was nothing except rales at the base 
There was a little edema of the legs 

An abdominal paracentesis was pci formed. May i, 1928, and 18 liters of fluid were 
aspirated After the fluid had been icnio\cd, foui or fi\e tumors could be felt under 
the abdominal wall — some above and some below the umbilicus, hard, tender, and 
freelj mo\ablc, gi\ing the impression of epiploic tumors Vaginal examination confirmed 
the abo\c findings 

Anahsis of the ascitic fluid show'cd a slight Ijmphatic reaction Analysis of the 
pleural fluid showed cxactK the same findings One week later eight liters of fluid 
were remosed 

On Mav 10, 1928, an explorator\ celiotomy w'as pcrfoimed under local anesthesia 
On opening the abdomen about one htci of jellow' fluid escaped and a large multi- 
lobulatcd tumor was found There w’erc some adhesions of the mesentery which w'ere 
easily broken up The tumor w'as found to originate in the right ovary, and had a 
narrow' pedicle w'hirli had been tw'istcd manv times No other tumors were found 

The mass removed w’as as large as the head of a child and w'eighed 1,450 Gm It 
consisted of a cential cavity surrounded by a dense periphery It proved to be a fibroma 
rich m fibroblasts, there were no mitotic figures No characteristics of malignant disease 
W’cre evident , only those of hyperplasia of the connective tissue 

Convalescence was uneventful, w'lthout recurrence of ascites or dyspnea, and the 
patient w'as discharged 20 days postoperative 

Case 9 — Salmon,^* Hosp No 337,216 Female, age 52, w'as admitted to the hospital, 
■^Pfil 7, 1932 For three months previous to admission she had been conscious of a mass 
in the lower abdomen which had increased steadily in size Her chief complaint upon 
admission w'as 11 regular cramps in the low'er abdomen of several days’ duration not 

accompanied by any gastio-intestinal symptoms Temperature 100° F, pulse 74, respira- 
tion 22 

Physical ExammaiwU ' — The patient w'as a fairly well-nourished female who did not 
appear acutely ill Signs of fluid were found m the right chest In the abdomen, a tense, 
tender, somewhat irregulai mass could be felt arising from the pelvis and reaching to the 
umbilicus Hemoglobin 78 pei cent , white blood count, 9,000 , polymorphonuclear neutro- 
P ' s, 80 per cent, lymphocytes, 17 per cent, monocytes, 3 per cent Sedimentation time 
13 minutes The urine examination and the Wassermann reaction were negative The 
t chest was tapped, and 1,500 cc of amber-colored fluid aspirated Laboratory exaniina- 
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tion of the fluid revealed Specific gravity i,oi8, red blood cells, i,8oo per cubic millimeter, 
white blood cells, 350 per cubic millimeter , Ivmpbocytes, 70 per cent , polymorphonuclear 
neutrophils, 30 per cent No organisms ivere found on smear or culture No tumor cells 
were found on centrifugalization The fluid rapidly reaccumulated and the right chest 
was tapped again on two occasions, 1,500 and 2,000 cc of straw-colored fluid being 
removed Roentgenograms of the chest following the aspiration failed to reveal any 
abnormality in the lungs or chest \\all to account for the effusion Roentgenologic exami- 
nation after the second aspiration disclosed a small amount of fluid also in the left chest 

Since no definite conclusions could be arrived at concerning the etiology of the 
effusion. It was felt that the nature of the pelvic tumor should be investigated An 
exploratory celiotomy w'as, therefore, performed, and about 500 cc of deep amber-colored 
fluid w'ere found in the peritoneal cavitj A solid tumor of the right ovarv, about the 
size of a large cantaloupe, was remo\ed The abdomen w'as thoroughly explored and 
no other abnormality w'as found Convalescence was iine\entful except that, on the eighth 
postoperative day, signs of fluid were detected in the right chest, and 500 cc of 
serosanguineous fluid w'ere aspirated The pathologist reported the tumor as “Edematous 
fibroma with necrosis” 

It IS now' 24 months since the patient w'as discharged from the hospital She has had 
no symptoms and has gained 40 pounds in w'eight There are no signs of fluid in either 
the chest or abdomen Roentgenologic examination of the chest reieals nothing abnormal 

Case 10 — Massachusetts General Hospital Female, age 52, single, entered the hos- 
pital, August 4, 1934, w’lth the complaint of changes m bow'el habits and djspnea on 
exertion of three months’ duration She had begun to haie loose, watery stools con- 
taining mucus, three or four times a daj Shortly after the onset of the bow'cI discomfort 
she had noticed djspnea on exertion of three months’ duration This had gradually be- 
come more marked, and on klay 10, 1934, she w'as found to have fluid 111 the right chest 
Considerable fluid was aspirated, with marked relief of the djspnea Subsequent taps 
at ten- to 14-day intervals were necessarj to keep her comfortable About two months 
prior to admission, she had noticed an increase m the size of her abdomen, frequent in- 
jections of saljrgan were administered, with some decrease m the size of the abdomen 
There w'as marked decrease m her general strength and utalitj Her familj' history w'as 
negative 

Physical Examination revealed a patient quite ill, with signs of a large pleural 
effusion on the right side, and a large amount of fluid in the abdomen Blood pressure 
120/76 Heart normal No edema of the extremities No enlargement of any of the 
peripheral nodes The liver edge was felt, m spite of the large amount of abdominal 
fluid, nearly down to the umbilicus Pelvic examination revealed a hard, orange-sized 
mass in the left vault 


Urine examination was negative other than for the slightest possible trace of albumin 
and occasional white blood cells Complete blood examination revealed a fairly marked 
secondary anemia Hemoglobin 65 per cent Red blood count 3,100,000, wdute blood count 
12,000 The differential count wms normal other than for 73 per cent polymorphonuclears 
The red and white cells were normal except for achromia of the red cells Repeated 
sputum examinations were negative Repeated stool examinations were negative Non- 
protein nitrogen 39 mg , serum protein 7 i per cent, blood chlorides normal Hinton test 
negative Liver function test w'as normal Roentgenologic examination of the chest 
revealed no abnormalities other than the large amount of fluid in the right chest 
Gastro-mtestinal series and barium enema were negative 

Two days after admission, 2,300 cc of fluid were aspirated from the right chest with 
a replacement of 1,500 cc of air The fluid was a typical transudate Examination fai e 
to reveal the presence of any tumor cells or tubercle bacilli Guinea-pig inoculation w'as 
likewise negative Routine culture of fluid was negative Abdominal tap revealed an 
identical fluid g 

An exploratory celiotomy and left salpingo-oophorectomy were performed, August i , 
1934 The peritoneum was normal The liver was markedly enlarged, the right 0 e 
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extending to the level of the umbilicus It appeared, however, perfectly normal m 
appearance and to palpation A large amount of yellowish fluid was evacuated The 
spleen, stomach, intestinal tract and the kidneys were apparently normal There was 
a small gallstone m the gallbladder, and the pancreas was normal A large solid tumor, 
which filled the pelvis, and which included the left ovary, was removed The uterus and 
right ovary were normal 

The pathologic repoit showed a very large, solid, firm mass S '^7 Its 

cut surface was of a mottled yellow and white color with streaks of white crossing it in 
every direction There were one or two areas which appeared finely granular A diag- 
nosis of fibroma was made 

The patient had a particularly smooth convalescence and was discharged three weeks 
after operation Six months after discharge, there was no evidence of chest or abdominal 
fluid by examination and fluoroscopy The liver was still enlarged, the lower border 
being felt about halfway to the umbilicus 

A letter, received m April, 1935, stated that a fluoroscopic examination showed a 
normal condition, and that her physician had said that, if anything, the right side and 
chest looked better than the left She was heard from again m December, 1935, and 
stated that she was feeling perfectly well 

Case II — Miller^i L K, female, age 6o, single, had been ailing for several years 
She had a large abdominal tumor which had caused a great deal of pressure, pain, weak- 
ness, and disability Recently, sbe had had some fluid in her right chest and her local 
ph3"sician had tapped her two or three times 

Physical Examination showed a frail, thin woman The heart action was regular but 
rapid There was considerable dulness over the right chest but it became more resonant 
after the thoracentesis Abdominal examination showed a large, hard tumor extending 
from the pelvis to the umbilicus 

At operation, July i6, 1936, under spinal anesthesia, a huge, solid tumor of the right 
ovary was found, which did not, howevei , look malignant It was removed together with 
the uterus and the other ovary The pathologic report showed the right ovary replaced 
by a large, solid mass, measuring 18x14x10 5 cm Its surface was irregularly nodular, 
grayish-pink in color, and there were numerous subserous dilated veins The tumor cut 
firmly and revealed a mottled, granular, reddish-gray surface with small, yellowish 
necrotic areas In the central portion of the mass, there was a large multiloculated, 
smooth-walled cavity containing clear yellow fluid A diagnosis was made of a fibroma 
of the ovary, follicular cysts of the ovary, endometrial polyp, leiomyoma, and cystic hyper- 
plasia of the endometrium 

In June, 1938, the patient was free of any symptoms suggesting pleurisy with effusion 
or ascites 

Case 12 — Weld^® I U , female, age 55, was admitted to the Gynecological Service 
of the Municipal Hospital, Hartford, August 21, 1936, complaining of swelling of the 
abdomen About two months prior to admission, she had first noticed the swelling She 
also complained of pain in both kidney regions and a low sacral backache There was 
a history of chronic constipation 

The menopause had occurred at 35 

Physical Evaniination revealed a few coarse rales at the base of the right lung, with 
diminished breath sounds over the same area The abdomen was shiny and taut , a fluid 
wave was elicited A right inguinal hernia in addition to a herniorrhaphy scar was 
noted Vaginal examination showed a large, hard, irregular mass filling the pelvis, 
reaching to two fingers’ breadth below the umbilicus, immovable, with tenderness m the 
region of the sigmoid and rectum The mass filled the posterior culdesac 

Roentgenologic examination of the chest the day after operation showed no evidence 
of tuberculosis, but there was increased density at the outer and lower portions of the 
right lower lobe, with irregularities of the diaphragm and partial obliteration of the 
costophrenic angle — all indicative of pleural exudate Blood pressure 112/68 Blood 
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Wasseimann and Kahn tests gave a two plus reaction Blood nonprotein nitrogen 359 
mg pel cent The red blood cell count 4,030,000, with 85 per cent hemoglobin 

At operation, about 3,500 cc of straw-colored fluid were removed from the peritoneal 
cavity by suction A solid ovarian tumor 9 cm in diameter, together with a multilocular 
cyst, was removed The lower pelvis was then found to be filled with a second ovarian 
tumor, so situated that it pi edisposed to sigmoidal and rectal obstruction , it was delivered 
from the pelvis with some difliculty and was removed Both tubes were then removed, 
and a supracervical hysterectomy performed No l>niph nodes vere found in any part 
of the peritoneal cavity, nor was there any evidence of ev.tension of the tumor masses to 
the bowel There were no bowel adhesions Each tumor apparently arose from an 
ovary Grossly, the tumors appeared smooth and nodular , on section they were composed 
of dense, gray strands of fibrous tissue Microscopic sections of the solid tumors showed 
typical fibromata, no anaplasia and no malignancj In one or two areas, the pathologist 
reported the cells to be somewhat large and slightly hjpcrplastic The cj'st was lined by 
low epithelium, which, in focal areas, was thrown into a papillary arrangement Here 
again, there was no evidence of malignancj 

The patient had an uneventful convalcsence and was discharged on the seventeenth 
postoperative day Roentgenologic examination of the chest, No\ ember 30, 1936, three 
months after operation, “showed no CMdcncc of pleural effusion” An examination 111 
October, 1938, showed the pelvis to be free from any masses, and theie was no esidencc 
of fluid in either cavity 

Case 13 — ^\Veld^® E , female, age 50, married, was admitted to the Gynecological 
Service of the Hartford Hospital, September 15, 1936, complaining of progressive 
enlargement of the abdomen of six weeks’ duration, and of difliculty in voiding for a rela- 
tively short time During the previous six weeks, she had experienced lower abdominal 
pain, characterwed as a heavy dragging sensation Menopause occurred ten years prior to 
admission, and since then there had been no bleeding 

Physical Exaiiwiatioii revealed a general appearance of illness, two lipomata on the 
back, signs of fluid in the right posterior chest, slight enlargement of the heart to the 
left, an elevated pulse rate, and a pelvic mass rising to the umbilicus, which gave the 
findings compatible with encapsulated fluid Steieoscopic and lateral roentgenologic exami- 
nation of the chest showed “A moderately large amount of fluid in the right pleural 
cavity, extending into the mterlobai fissures and apparently encapsulated m the axilla 
The possibility of an underlving pathologic change in the right pulmonary field cannot 
be excluded without further examination made after a thoracentesis The left lung is 
negative in appearance ” 

An operation was performed under spinal anesthesia three days after admission 
The abdomen was opened through a lower midline incision, and was found to be filled 
with blood-tinged fluid A solid, right ovarian tumor, with loops of bowel adherent to it, 
was visualized The liver was smooth, and noimal to palpation There was no sign of 
malignant metastases The uterus, left tube and ovary appeared normal Only the tumor 
was removed 

Pathologic Repoit — Gioss “Nodular mass, 15x12x11 cm, encapsulated On section, 
it IS composed of interlacing strands of rather soft fibrous tissue, through which there are 
extensive interstitial hemorrhages and dilated vessels Over one surface is what appears 
to be a vessel containing blood clot At one pole of the nodule there is a cyst three 
centimeters in diameter, having a ragged, seminecrotic lining Mici oscoptc Multiple 
sections through the nodule show a rather cellular fibrous tissue proliferation There are 
some mitotic figures, a few are not entirely regular There aie extensive areas of 
myxomatous degeneration, and large vascular spaces are scattered through the tissue, in 
some of which thrombi are present Structure is fairly characteristic of a benign fibroma 
of ovarian stroma Diagnosis Fibroma of the ovarj ” 

The patient was discharged on the nineteenth postoperative day, after an uneventful 
convalescence Roentgenologic examination of the chest at that time showed less fluid 
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than prior to operation Roentgenograms of the chest seven months after opeiation 
showed no evidence of effusion 

Case 14 — Macomber^ Female, age 32, single, entered the hospital, January 7, 1937 
Three yeais previously, her abdomen began to enlarge and this continued steadily without 
discomfort or inconvenience until recent months Being a Chiistian Scientist, she had 
not consulted a physician until a short time befoie admission About one month pre- 
viously, the swelling had reached such pioportions as to interfere with walking, and she 
began to have marked dyspnea This came on quite suddenly and was very severe for 
one week but then continued with less severity There was no chest pain other than a 
feeling of soreness retrostei nally Four months, and again two months, before entry she 
noticed a small hole just below the umbilicus which discharged fluid for several days 
No bowel or urinary symptoms Catamenia always somewhat irregular but she continued 
to have menstrual periods during the present illness, the last few more profuse She has 
never vomited On a few occasions she had a sudden breath-taking pain when lying on 
her left side No swelling of ankles at any time There was no cough, sputum, or 
hemoptysis at any time Nine years pieviousl}', she had several episodes of severe pain 
m her left lower quadrant She believes she had lost a good deal of subcutaneous fat 
but had gained ten pounds, which she attributed to the abdominal fluid 

Physical Exavnnaiwn showed a somewhat thin woman Heait apparently normal 
The patient was obviously cachectic, probably somewhat anemic The right chest 
contained fluid The whole abdomen was tremendously enlarged, and was filled with 
fluid. It also showed some evidence of containing irregular masses Rectal examination 
was practically negative Roentgenologic examination showed fluid in the chest and 
abdomen, witVi displacement of the bowel and fixation of the left side of the diaphragm, 
probably due to tumors , consistent with adenocarcinoma of the ovary 

On January 9, 1937, the patient’s abdomen was tapped, and 292 ounces of fluid 
obtained On January ii, 1937, the chest was tapped, and 32 ounces of fluid aspirated 
The abdominal fluid showed a specific gravity of 1 016 Differential count showed 
lymphocytes 19 per cent, polynuclears 2 per cent, monocytes 3 per cent, red blood cell 
count 18 per cent The chest fluid showed 1,520 cells per 1/16 square mm Differential 
could not be identified by smear Very slight sediment was found and the fluid was 
straw-colored No tumor cells could be identified A day or two after this, she developed 
“acute bronchitis” and she was discharged in order to recuperate befoie operation was 
undertaken Her abdomen continued to fill up, and her chest was again tapped at home, 
February 7, 1937 

The patient was readmitted to the hospital, February 14, 1937, for operation Undei 
spinal anesthesia, February 15, 1937, a left oophorectomy was performed The abdomen 
was opened through a 12-inch median incision An umbilical hernia was dissected out 
No adhesions were found About two quarts of clear fluid evacuated The tumor proved 
to be a fibroma of the left ovary, the size of a rather large full term uterus, filling the 
entire abdomen, showing a certain amount of cystic degeneration, and weighing about 
25 pounds The tumor was removed Section proved it to contain a cavity containing 
about two quarts of fluid Some of the fluid was lost in removal No obvious evidence 
of malignancy was seen The uterus seemed normal , there were no peritoneal implanta- 
tions A normal tube and ovary and small uteius were left 

No acid-fast bacilli found in the sputum, which was examined, February 20, 1937 
Roentgenograms of the chest, February 27, showed that the fluid in the left side of the 
chest had completely disappeared There was a haziness at the left base, apparently due 
to thickening of the pleura The patient had an uneventful convalescence and was 
discharged, March 6, 1937 

The pathologic report showed a rounded, smooth, grayish, firm, previously opened 
mass, measuring 25x22x18 cm Through the grayish capsule could be seen several 
darkish, cystic areas, which on section were previously opened cysts containing clotted 
blood The lining membrane was grayish, smooth, and glistening The central portion 
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was made up of multilocular cysts, the largest measuring 15x9x7 cm The grayish, firm 
tissue presented a smooth, glistening, firm surface A diagnosis of a degenerated fibroma 
was made 

On June 28, 1937, the patient w-as seen and the scar w-as solid Air passed well to 
bases of lungs She had gamed 12 pounds since April, 1937 

Case 15 — Rhoads and Terrell^- E P , female, age 57, w'ldow, para 3, was admitted 
to the hospital of the University of Pennsyhania, 111 the service of Dr Alfred Stengel, 
February 1, 1937, complaining of shortness of breath, fatigue and the loss of 18 per cent 
of her bodi weight 

Hei symptoms were first noticed m 1933, and had grown gradually w'orse Dyspnea, 
at this time, developed when she ascended one flight of stairs, or merely wnth excitement 
When she became dyspneic, a drj cough dc\ eloped, but she had never had hemoptjsis or 
pain m the chest Palpitation had been noted during attacks of djspnea and fatigue She 
had never observed any peripheral edema There were no digestive symptoms except 
for moderate anorexia and belching She had neicr had am abdominal pain nor had she 
ever complained of abdominal fulness or distention 

The menopause occurred at age 53, four jears before the present admission The 
menses had begun at age 15, and had alw'a\s been regular There had been no post- 
menopausal bleeding or discharge For iiianv years, the patient had been under the care 
of a physician, who had noted a large peU ic tumor in the median line, at least eight years 
previous to her admission, wdiich had not grown appreciably during the interval 

Physical Examination — The patient w’as thin and rather cachectic looking and was 
prematurely aged Examination of the chest re\ ealed signs of a massive pleural 
effusion on the right side The trachea was deviated somewhat to the left and the apex 
of the heart was displaced tow'ard the left There w'cre no other abnormal physical signs 
in the left side of the chest These obseivations w'ere confirmed roentgenologically 
Abdominal examination indicated the presence of a small amount of ascites In the right 
upper quadrant, the liver w'as palpable three fingers’ breadth below the costal margin 
A large, round, firm tumor extended from the pelvis to a point muhvay betw'een the 
symphysis pubis and the umbilicus On pelvic examination this appeared to be attached 
to the cervix, it was firm, freelj movable with the uterus and not tender The pelvic 
mass prevented satisfactory palpation of the adnexa There w’ere no nodules felt in the 
culdesac Temperature 98° F, pulse 90, respiration 20, blood pressure 130/85 Because 
of the ascites and hydrothorax, a tentative diagnosis of uterine sarcoma wnth metastases 
was made 

Thoracentesis w'as performed five times The fluid removed from the right pleural 
cavity amounted to February 2, 1,900 cc , Februar3' 5, 1,000 cc , February 10, 3,000 cc , 
February 19, 2,000 cc , and March 3, 1,000 cc One and one-half liters of air were 
injected m an attempt to obtain better rocntgenographic visualization of the pleura and 
right lung field Within nine days, roentgenologic examination of the chest showed a 
reaccumulation of a large amount of fluid So rapid was this reaccumulation, that there 
was a large mediastinal herniation, containing both air and fluid, which extended to the 
midportion of the left lung field This necessitated removal of 2,000 cc of fluid, for 
relief of the dyspnea 

Laboratory Data Red blood cells 5,500,000, white blood cells 18,200, hemoglobin 
98 per cent Polymorphonuclear cells 75 per cent, lymphocytes 22 per cent, monocytes 
2 per cent, eosinophils i per cent Subsequent blood counts never disclosed a leuko- 
cytosis Repeated uranalyses showed a specific gravity varying from i 012 to i 027, an 
occasional trace of albumin and a moderate number of white blood cells The Kolmer 
and Kahn tests were negative for syphilis The urea nitrogen content of the blood 15 nig 
per too cc Serum protein determination was 69 Gm per 100 cc Sedimentation rate 
22 mm in 60 minutes 

The pleural fluid obtained, February 2, showed a specific gravity of 1 021 it 
contained 450 cells per cubic millimeter (96 per cent mononuclear and 4 per cent poly- 
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morphonucleai ) and i 75 Gm of protein per liter February 5, fluid with similar specific 
gravity showed, on long centrifugation, only an occasional normal red blood cell and a 
few tymphocytes and polymorphonuclear cells No mitotic cells were found None of 
the cells appealed malignant February 19, the specific gravity was 1014, the protein 
was I Gm per liter and the cell count was 514 cells, with 86 per cent mononuclear and 
14 per cent polymorphonuclear cells Cultures of the fluid were repeatedly negative, 
guinea-pig inoculation was made on two occasions, but tuberculosis did not develop in the 
animals 


Table III 

Ages 33-64 

Status 

Single 4 

Mamed 9 

Unknown 2 

Fertility 

Children 6 

No children 5 

Unknown 4 

Location of tumor 

Left ovary 4 

Right ovary 6 

Both ovaries 2 

Unknown 3 

Taps 

Abdominal 6 

Chest 12 

Location of effusion in thorax 

Left side 3 

Right side 10 

Both sides i 

Unknown i 


Because numerous roentgenologic examinations following injections of air did not 
show the expected pleural or pulmonary metastatic lesion, thoracoscopy was considered 
It did not offer the patient much prospect of benefit, however At this time the gynecologic 
consultant. Dr Franklin Payne, suggested that the pelvic tumor might be an ovarian 
fibroma, and be presenting the syndrome described by Meigs and Cass 

Accordingly, March 4, 1937, an exploratory celiotomy was performed by Dr I S 
Ravdin A moderate amount, probably in excess of 750 cc of ascitic fluid, was evacuated 
The pelvic mass proved to be a tumor of the right ovary, measuring 14x10 Sxio cm It 
was readily removed Exploration of the remainder of the peritoneal cavity showed no 
abnormalities Convalescence from operation was smooth and uneventful The last 
pleural aspiration was performed on the day before operation, when 1,000 cc of fluid 
were removed 

Roentgenograms of the chest, taken on the sixth and fifteenth postoperative days, 
showed progressive diminution in the pleural effusion and reexpansion of the right lung 
The patient did not require thoracentesis following the operation At the time of 
discharge, March 23, 1937, the blood count was entirely normal, the serum protein was 
73 Gm per 100 cc , and the patient was subjectively cured and objectively improved 

Follow-up examination, April 22, 1937, seven weeks following operation The patient 
was feeling very well , an excellent appetite had replaced the anorexia , she had no 
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symptoms of breathlessness, cough or fatigue, and she had gained weight Physical 
examination was negative except for the signs of a very small amount of fluid or thick- 
ened pleura at the right base Roentgenologic examination at this time showed great 
improvement in the appearance of the right lung field The entire right lung had 
reexpanded, and there vas only a small amount of fluid above the dome of the diaphragm 
The pleura appeared somewhat thickened 

Table IV 


FINDINGS AT OPERATION 


Case No 

Fluid 

Amount 

Adhesions 

Size 

Position 

I 

? 

Large quantity 
(autopsy) 

No 

12 cm 

15 cm 

Both ovaries 

2 

Straw 

Considerable 

Yes 

20 cm 

Ovary 

3 

Clear 

6 to 8 quarts 

Yes 

14 cm 

Right ovary 

4 

Yellow-brown 

Several quarts 

Yes 

20 cm 

Left ovary 

5 

Ascitic 

Marked 

Extreme 

Child’s head 

Ovary 

6 

Straw 

Several liters 

Doubtful 

Grapefruit 

Right ovary 

7 

Green-yellow 

Large amount 

Doubtful 

Large 

Left ovary 

8 

Yellow 

I liter 

Yes 

Child’s head 

Right ovary 

9 

Deep amber 

500 ce 

? 

Large 

cantaloupe 

Right ovary 

10 

Yellowish 

Large amount 

? 

15 cm 

Left ovary 

II 

? 

? (fluid m abdomen) 

? 

18 cm 

Right ovary 

12 

Straw 

3,500 

No 

9 cm 

Both ovanes 

13 

Blood-tinged 

? 

Yes 

15 cm 

Right ovary 

14 

Clear 

2 quarts 

No 

25 cm 

Left ovary 

15 

Ascitic 

750 cc 

? 

14 cm 

Right ovary 


Table V 


Case No 

Entered Hospital 

Operation 

Follow-Up 

I 

March ii, 1879 

Died without operation 

September 10, 1879 (died) 

2 

Apnl 29, 1901 

September 20, 1901 

December, 1902 

3 

June 9, 1902 

June 10, 1902 

October 25, 1913 (died) 

4 

October 9, 1908 

December 12, 1908 

November ii, 1935 

5 

July 31, 1917 

August 16, 1917 

September, 1921 

6 

November 26, 1920 

December 9, 1920 

June 21, 1921 

7 

March 25, 1926 

July 25, 1926 

October, 1926 

8 

April, 1928 

May I, 1928 

? 

9 

April 7, 1932 

? 

Apnl, 1934 

10 

August 4, 1934 

August 18, 1934 

December, 1935 

II 

July 16, 1936 

July 16, 1936 

June, 1938 

12 

August 21, 1936 

August, 1936 

November 30, 1936 

13 

September 15, 1936 

September 18, 1936 

Apnl, 1937 

14 

January 7, 1937 

February 15, 1937 

June 28, 1937 

15 

February i, 1937 

March 4, 1937 

Apnl 22, 1937 


Pathologic Examination — The tumor weighed So Gm It was rounded and smooth 
The surface was traversed by a few moderately large vessels The consistency was firm, 
approximately that of a squash ball The tumor appeared to be a diffuse enlargement of 
the ovary On section, it showed whorls of fibrous tissue such as those often seen in 
uterine fibromyomata No cystic areas were found Sections were cut at right angles 
to the surface and stained with hematoxylin and eosin The tumor appeared to be 
composed of fibrous tissue with numerous fibroblasts This was interspersed, m everj 
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low power field, with eosin-staining areas having the appearance of smooth muscle The 
Masson stain, which colors fibroblasts purple and muscle cells green, definitely established 
the presence of both elements The pathologic diagnosis was stromatogenous fibromyoma 
of the ovary 

Discussion — The pioblem of why fibiomata of the ovaiy may be accom- 
panied by fluid m the chest and abdomen is so far unsolved Vaiious sugges- 
tions have been made and valid objections have been bi ought against each 
The most obvious suggestions aie anatomic oi changes m the body chemistry 
The woik of St Kaiady, Browne and Selye^" on the “alarm reaction” must be 
discussed Let us considei the anatomic features first In the two-month-old 
human embiyo the abdominal and pleuial cavities connect Latei, this connec- 
tion IS bi oken by the pi esence of the diaphragm Malfoi mations of this bi oad 
muscle do occui and theie aie diaphragmatic heiniae without sacs, where free 
communication exists between the abdomen and chest In the event of a 
defect of this type in a woman uith a fibioma of the ovary and with fluid m 
the abdomen, fluid would also be expected to be found m the chest But that 
this lare anatomic anomal)^ could explain all cases m this lare syndrome does 
not seem piobable Diainage of eithei cavity in such an anatomic set-up 
should diain the other cavity, and this does not occur Laige diaphragmatic 
herniae aie not uncommon and a sac is usually pi esent It is not possible to see 
how such a lesion could account for chest fluid except that abdominal fluid 
might fill the sac An abdominal paiacentesis should dram the chest and yet 
It does not Small openings in the diaphragm can be conceived of, but then 
rarity and the unusualness of this condition i ule out the possibility It is diffi- 
cult to believe any anatomic lesion is lesponsible foi this syndrome 

An explanation on a chemical basis (protein deficiency) is a distinct possi- 
bility, but in only two cases have deteimmations of the seium protein been 
made In both cases, the sei uni pi otem ivas found to be within noi mal limits — 
71 mg in Case lo, and 69 mg before opeiation m Case 15 and 73 after 
operation In neither case was the seium albumin-seium globulin latio 
known It is interesting to note that thiee patients had veiy model ate periph- 
eial edema of the legs It is difficult to believe that piotein deficiency can 
account for massive effusion and ascites without more evidence of peiipheial 
edema One can conceive of changes m the serum protein after multiple 
withdrawals of fluid, but this does not explain the oiiginal cause of the fluid 
A circulatory phenomenon affecting capillaiies and lymph vessels, with stasis 
sufficient to produce pleural effusion and ascites, should be accompanied by 
peripheral edema Shock, with changes in blood volume and peiipheral vaso- 
constriction and tissue edema, does not offer an explanation for the two large 
collections of fluid 

The “alarm reaction” of Selye with accumulations of pleural and peritoneal 
fluid is a constant finding when animals are exposed to damaging agents 
Doctor Selye writes that “this was particularly obvious in cases m which irri- 
tating substances had been introduced into the peritoneal cavity ” He considers 
It possible that “the fibroma might have acted as an 11 ritatmg agent and that the 
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accumulation of pleuial fluid was a diiect lesult of the ovaiian tumoi ” In 
this expel imental woik in animals (rats) it has been shown that lepeated 
mmoi traumata cause a lesistance to he built up and the appearances and func- 
tions of the 01 gans return pi actically to noi mal Aftei a period of one to three 
months, with continued mjuiy, the animals lose their lesistance and succumb 
with symptoms similai to histamine toxicosis or suigical or anaphylactic 
shock plus accumulations of a peiitoneal and pleural tiansudate It is pos- 
sible then to think of the fibioma as an nutating and shocking agent At 
some time in the patient’s life a geneial adaptation to continued injury is 
hi ought about, but later, due to its continued presence, a chronic form of 
“geneial alaim” iflienomena sets in 

Selye’s “alaim reaction” appeals to the authoi to be the most satisfactory 
explanation so fai foi the presence of the fluid, but it must be admitted that 
this IS not perfect 

Othei pelvic lesions of a benign type may cause this syndrome, for in- 
stance, U J Salmon,^’ m 1934, leported a patient with a large fibroid uterus 
with some intraligamentous development who had sanguineous fluid in the 
light chest and abdomen Seventeen months aftei operation, careful study 
revealed no evidence of residual disease 01 fluid In the discussion of Meigs 
and Cass’s^® paper m 1937, W T Dannieuther presented a patient with a 
benign ovarian cyst who had fluid m her chest and later, after the operation, 
the fluid completely disappeai ed It is possible, tlierefoi e, that thei e are othei 
benign tumorous conditions in the pelvis besides fibroma of the ovary which 
may be accompanied by ascites and hydiothoiax 

CONCLUSIONS 

(1) Fifteen cases of fibioma of the ovary with ascites and hydrothorax aie 
presented 

(2) In spite of inci easing mteiest m the subject, no adequate explanation 
of either the ascites or hydi othorax has been suggested 

(3) The “alarm reaction” of Selye offers a bettei explanation than ana- 
tomic or chemical ones 

(4) The impoitance of this syndrome to patients suspected of some fatal 
disease is obvious Moie search should be made in patients considered to 
have metastatic cancel foi this benign entity 

(5) The possibility of this syndiome should always be in the mind of the 
internist and suigeon 

Thanks are due to many who have willingly helped and discussed this problem with 
me I especially wish to acknowledge my indebtedness to Drs Edward Churchill, Leland 
S McKittnck, Isidor Ravdin, U J Salmon, Donald Macomber, Richard H Miller, Peter 
Gruenwald, Cecil Drinker and J S L Browne 
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Discussion — Dr William F MacFee (New Yoik) In connection 
with Doctor Meigs’ paper, I should like to mention a case that came to my 
attention last Novembei The patient, female, age 54, gave a history of pro- 
gressive enlargement of the abdomen for a period of one year During that 
time she noticed a loss of weight from other parts of hei body, progressive 
emaciation, loss of strength, and for about one month she had had very dis- 
tressing dyspnea which practically disabled her 

Upon admission to the hospital, the positive findings were an enormous 
enlargement of the abdomen with marked emaciation elsewhere On per- 
cussion, the abdomen was entirely flat throughout Tympany was absent 
even over the stomach, and there was all the evidence of fluid in the abdomen 
In addition, the right chest was completely flat to percussion and the breath 
sounds were absent The presence of fluid m the chest was confirmed roent- 
genologically The chest was aspirated and 1,500 cc of a greenish-brown 
fluid were removed Tubercle bacilli could not be demonstrated and nothing 
except a few lymphocytes and some desquamated pleuritic cells were found 
The patient appeared to be m the final stages of malignant disease of the 
ovary With the idea of palliation rather than cure, operation was advised in 
the hope that removal of the large cyst might afford some relief from her 
distress 

At operation, a very large cyst was found lying rather free m the abdomen, 
surrounded by a thin film of free abdominal fluid The cyst was removed 
without difficulty, and the patient had a relatively uneventful convalescence 
Ten days after operation, however, it was necessary to aspirate the chest once 
more because of reaccumulation of the fluid Her course after the second 
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aspuation was fiee of fiiitlier complications She made a good recoveiy and 
IS well to-day 

Pathologic examination of the tumoi showed it to be a cystic adenoma, 
multiloculai m type, with no evidence whatevei of malignancy 

I think the piofession owes a great deal to Doctor Meigs for calling atten- 
tion to this condition m which theie is fluid m the chest associated with a 
benign tumoi of the ovaiy Recognition of this possibility may very well lead 
to a moie caieful investigation of cases of this kind, and to the saving of a 
certain numbei of patients who otherwise might needlessly die 


Dr James C Masson (Rochester, Minn ) I think the paper Doctor 
Meigs has piesented is a most mteiesting one, and the syndrome he has de- 
sciibed is something we should all look for From January i, 1910, to Decem- 
ber 31, 1938, theie weie 42S cases of ovarian fibioids listed in the records of 
the Mayo Clinic In many of the earlier cases no roentgenograms of the 
thoi ax were made, and it is impossible for me to speak definitely about small 
collections of fluid in the thoiax, because such a condition was mentioned in 
only two instances 

This s)mdiome is an impoitant point to keep m mind when patients having 
ascites and pleural effusion aie seen Theie is no doubt that in the past all 
such patients were consideied to have a malignant process, and most of them 
refused surgical tieatment No doubt the patient in an occasional case m 
which the collection of fluid is due to this benign condition is refused surgical 
treatment at a time when a relatively safe operation would be possible 

Ninety-one patients for whom a postoperative diagnosis of fibroma of the 
ovary was made have been encounteied at the Mayo Clinic during the last 
four years Of the fibromata present m these 91 patients, 23 were 5 cm or 
moie in diametei, and ten weie bilateral Routine 1 oentgenograms of the 
thorax weie made in piactically all of these cases before operation, and m no 
instance was the presence of fluid noted, but from a small amount to several 
hundred cubic centiinetei s of fluid were noted m the abdomen in a great many 
cases Just why a few of these tumors cause fluid to accumulate in the thorax 
as well as in the abdomen (and a great majoiity do not) is hard to explain 
It happened that since I was first asked to discuss this paper I have 
operated upon two cases of fibioma of the ovaiy Both of these tumors were 
about the same size (15x12x10 cm ) Very marked fatty degeneration was 
present in the first one, which originally was a typical fibroma A simple cyst 
was also present in the same ovary It was hard to recognize any normal 
ovaiian tissue Several bundled cubic centimeters of fluid weie present in 
the abdomen of this patient, but theie was no indication of any change in the 
thorax 

The patient’s history in the case involving the second fibroma was practi- 
cally the same as that foi the first patient, but I suspected the possibility of the 
presence of malignancy in this woman, and I therefoi e did a total hysterectomy, 
removing the left ovary as well, and in it was found anothei small fibroma 
I think that Doctor Meigs has drawn attention to a very important condi- 
tion, and I am satisfied that if all surgeons are on the alert for this syndrome 
and advise operation in cases m which there is not a definite proof of metastasis 
in the thorax, more of these cases will be discovered 


Dr Joe Vincent Meigs (closing) I hoped somebody from the Pr^by- 
terian Hospital would say something, because I heard last week, when in New 
York, that they had had a patient there who had died, in whom they louna 
fluid m both the abdomen and chest At autopsy, a fibroma of the ovary was 
found I feel there must be many more cases, and I think m the fu ure t ley 
probably will be reported 
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Stasis or bile is consideied an impoitant factoi in the etiology and 
symptomatology of cholecystic disease or malfunction When piesent, cer- 
tain chemical changes in the gallbladder bile take place^ which may influence 
the formation of calculi Although it is well known that ph} siologic or path- 
ologic distui bailees of the biliaiy system may inhibit the flow of bile,^ there 
IS also evidence to show that changes elsewhere in the body may cause a 
similai effect 

The gallbladder of piegnant women hare been found to be more distended® 
and then emptying tunes moie piolonged than noimal ^ This delay in evacu- 
ation may be due (a) to the action of the sex hoimones of pregnancy, (b) 
to a leflex inhibition of bile foimation, (c) to leflex inhibition of the gall- 
bladder, (d) to a reflex conti action of the sphincter of Oddi or the cho- 
ledochoduodenal mechanism, and (e) to metabolic changes in the chemistry 
of bile Bihaiy stasis dm mg the lattei pait of piegnancy is associated with 
a low bile salt and high cholesteiol content in the gallbladder bile, thereby 
favoiing the piecipitation of cholesterol out of solution ° Its piesence may 
paitially explain the symptomatology lefeiable to the oigan during preg- 
nancy and the high incidence® of cholecystic disease aftei wards 

The occurience of constipation during and after piegnancy is well known 
Blalock’^ has lepoited it as a symptom of gallbladder disease in 62 per cent 
of 735 patients 111 whom gallbladder disease Avas proven at operation The 
incidence of cholecystopathy has been found to be doubled in patients with 
diverticulosis of the colon® and m patients with peptic ulcer or recunmg 
appendicitis® Boyden and Biiclfl® have shown that stimulation of the duo- 
denum, jejunum and cecum in animals inhibits evacuation of the gallbladder 
Many obseiveis^^ have lepoited a high incidence of iriitable colon in patients 
with organic cholecystitis, biliaiy dyskinesia 01 abnormal visualization by 
cholecystography Lahey and Joidan^^ observed improvement of the 
gallbladdei shadow m 44 of 65 patients, who had absent or faint roentgen- 
ologic visualization aftei then iiiitable colon was tieated a shoit period 
Kunath,^® in discussing the symptomatology of the stoneless gallbladder, sug- 
gests that a spastic bibaiy tract might accompany a spastic intestinal tiact 
Pi Opel management of constipation 01 iiritable colon, when present, often 
amelioiates the symptoms referable to the biliaiy tiact 

* Read before the American Suigical Association, Hot Springs, Va, May ir, 12, 

13, 1939 
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The foiegoing evidence indicates the possible existence of a causal rela- 
tionship between abnormal function of the colon and cholecystopathy Dis- 
tuibances of the colon might predispose to cholecystopathy (a) by reflexly 
inhibiting the flow of bile fiom the liver, (b) by reflexly causing hyper- 
tonicity of the sphincter of Oddi and the duodenum , and (c) by reflexly in- 
hibiting the evacuation of the gallbladdei This investigation was under- 
taken to deteimine whethei stimuli from the colon could reflexly inhibit the 
flow of bile fi om the hvei 

Methods — The expeiiments were all of the acute type, performed upon 
dogs fasted for i8 houis and anesthetized with sodium pentobarbital The 
trachea was cannulated and the carotid blood piessure recorded The cystic 
duct was ligated near its entrance into the common bile duct and the latter 
was cannulated close to the duodenum The diops of bile ^\ere recorded on 
a revolving kymograph by an electrical recorder It was usually necessary 
to ^\alt 15 to 25 minutes before a regulai contiol flow was obtained A liga- 
ture was placed about the sigmoid colon just above the pelvic floor and an- 
other around the teimmal ileum A large cannula, through which the colon 
was slowly distended with tap \\atei at 40°C , was inserted into the “appen- 
dix” and held m place by means of a purse-stimg suture The amount of 
fluid injected depended upon the size of the dog and varied from 200 to 
500 cc The colon was nevei distended beyond the stage of compiessibihty 
and was pei nutted to lemain distended for a five- to ten-mmute period 

The only possible source of technical error m these experiments vas the 
effect of kinking of the common duct at the site of entrance of the glass 
cannula The distended colon occasionally angulated the small rubber tube 
attached to the cannula so as to obstiuct the flow of bile This could always 
be readily lecognized by the presence of an increased flow above the control 
rate, duiing or immediately following deflation of the colon At times it was 
necessary to gently retiact the colon manually to the left side of the abdomen 
to obviate this possibility Although this source of error was not as likely 
to be present while the neives were being stimulated, it had to be constantly 
kept in mind 

The cential cut end of the nerves was stimulated foi a five-mmute period 
with a shielded electrode which received its current from an inductoiium, the 
source of electricity being two diy cell batteries The secondary coil was set 
at from 3 to 6 5 cm , depending upon the degiee of stimulation to the animal 
and the degree of rise in blood pressure 

Results — Distention of the Colon (Table I) — Distention of the entire 
colon was associated with an inhibition of bile flow in 12 of 14 dogs (Graph 
i) The diminished flow ranged from 18 to 80 per cent below the control 
level, or an average of — 48 5 pei cent, and was coexistent with a rise in blood 
pressure from 5 to 30 Mm Hg Although tv o dogs showed a normal blood 
pressuie level, distention of the colon produced no change in bile flow m one 
(Table I, No 16) and only a diminution of 8 per cent in the other 
(Table I, No 10) These results are not significant and aie recorded as not 
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effective Distention of the distal half of the colon in thiee dogs and the 
proximal half in two piodiiced no change in the foimei group and only a 
slight inhibition in the lattei This suggests that the proximal is more sensi- 
tive than the distal colon 


Table I 

RESULTS or ErrECT or distention or the colon on rate of bile flow 
BEFORE AND AFTER SECTION OF HEPATIC NERVES 
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* Calculated on basis of ten-minute control period preceding distention 
t Calculated on basis of five-minute control period dunng distention 
t Calculated on basis of first ten-minute control period after section of hepatic nerves 


Distention of the entire colon in Dogs No 4 and No 18 did not influence 
bile flow after marked choleresis had been caused by administering 2 cc of 20 
pel cent sodium dehydrocholate intravenously The choleretic stimulus of the 
injected oxidized bile salt was more powerful than the inhibitory effect of 
colonic distention, a point which should be of therapeutic significance 

In two dogs, the colon was distended after the vagi were sectioned in 
the neck, and the same inhibition in bile flow took place This indicates that 
the reflex pathway is not resident in the vagi 

In thiee rhesus monkeys, the same experiments were carried out in a 
similai mannei and bile foimation was uniformly inhibited Control flows 
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of 3 o, 4 2 and 3 6 cc pei honi weie decreased to 2 0, 3 o and 2 i cc per houi, 
or — 33, — 29 and — 41 pei cent 1 espectively, avci aging — 344 per cent 
Stimulation of the Ccntial End of Colonic Move — Stimulation of the 
splanchnic neives to the intestinal tract caused a similar inhibition m bile 
flow from the liver, suggesting that the 1 espouse from the distention of the 


H: 1 



CRArn I — Showing the effect of distention of the colon before, “A,” and after, 
“B,” section of the hepatic ner\es on bile formation 
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Graph 2 — Effect of stimulation of the superior mesenteric plexus before, “A,” 
and after, ‘ B,’ section of the hepatic nerves on bile flow 

colon is due to nervous reflex effect upon the liver The colonic nerve in- 
nervates most of the descending colon and can be found m its mesentery 
accompanying the caudal oi inferior mesenteric artery Stimulation in four 
dogs (Table II) caused an inhibition in bile flow langing fiom — 17 to 79 
per cent, averaging —37 per cent Although this lepresents the period dur- 
ing stimulation m about one-third of the cases, the inhibition persisted for 
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seveial minutes aftei the cuiient was mteiiupted Dm mg the stimulation 
of the neives the blood piessure rose fioni lo to So Mm Hg above the 
control levels This piessoi effect was moie maiked on nervous stimulation 
than on distention of the colon 


Table II 


RESULTS or EFFECT OF STIMULATION OF COLONIC NERVE ON BILE FLOW 
BEFORE AND AFTER SECTION OF HEPATIC NERVES 
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Stnmdahon of the Central End of the Inferioi (Caudal) Mesenfei tc 
Plevus — (A) This gioup of neive fibeis was sectioned and its central end 
stimulated with a shielded electrode just cephalad to the juncture where the 
tivigs fiom the supeiioi hemoi i hoidal fibers join the colonic neive Ten 
stimulations in eight dogs weie associated with a — ^20 to — 57 per cent in- 
hibition of bile flow, or an average of — 36 per cent (Table II) 

Foui stimulations in tin ee monkeys reduced the conti ol flows of 3 6, 3 6, 
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3 o and 3 o cc pei hout to 2 4. 2 7, 2 4, atid i 8 cc pei hour, or — 33, — 25, 
— 20 and — 40 pel cent, 1 espectivelj', the aveiage 1 eduction Ijeing 30 per cent 
Siwnilation of ihc Cential End oj Supcnoi (Caudal) Mescntenc Ple\us 
— (B) This group of neive fiheis supplies the 'small intestine and part of the 
pioxiinal colon They weie fieed fiom the supeiior mesenteric arteiy m the 
loot of the mesenteiy of the small bowel divided and enclosed m a shielded 
electrode Stimulation of this plexus caused a slowing of fiom 33 to 53 
per cent, 01 an average inhibition of 387 pei cent (Chaptei 2, Table III), 
in bile foimation 


Table III 

RESUl TS or El EECT OE STIMULATION OE SUPERIOR MESENTERIC PLEXUS ON RATE 
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Distention of Uiinaiy Bladdei — The urinary bladdei was distended in 
three dogs by injecting 125 to 200 cc of tap watei at 40°C (Table lY) 
An inhibition m bile flow of — 30, — 40 and — 40 pei cent, averaging 37 
per cent, M^as obseived It has been noted duiing many bile-flow experiments 
that theie was usually an acceleiation m bile flow during spontaneous mic- 
turition, without any associated alteration in blood pressure This agiees 
with the observations just mentioned 

Stimulation of the Cential End of the Pelvic Neive — The pelvic nerve 
was stimulated once m two dogs and twice m two other dogs A diminished 
bile flow of from — 30 to — 45 per cent, 01 an average of — 37 
lesulted (Table IV) 

Section Hepatic Ncives, Polloved by Distention of Colon and Stiiiiidation 
of Nei'ves — Neaily all the neive supply to the liver sm rounds the hepatic 
aiteiy neai the hilum and comprises a rich plexus of fibeis, which together 
often almost equals the size of the artery itself This plexus is made up pre- 
dominantly of splanchnic fibers which spread from the celiac plexus along 
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the aiteiial pathways It also contains branches from the right vagus and a 
few fibeis from the left vagus neives Occasionally a small gioup of fibers 
may be seen on the adventitia of the portal vein 

The nerves weie dissected fiee from the hepatic artery near its origin and 
sectioned Theie was an immediate augmentation of bile flow from lo to 
70 pel cent, averaging 36 per cent A diop 111 general blood pressure usually 
followed this proceduie, although it leturned to a normal level after a few 
minutes This confiims the observations made by Tanturi and Ivy^^ and 
provides additional evidence that the hepatic neives in some way regulate 
bile seci etion 


Table IV 
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When the colon was ledistended after section of the hepatic neives 111 
foui dogs, thei e was little or no change in bile flow , the changes varied fi om 
o to 10 pel cent, 01 averaged — 08 per cent (Table I) The colonic nerve 
was 1 estimulated thiee times in two dogs, no change occuried m two in- 
stances, and — 12 per cent change occuired in the remaining dog (Table II) 
Stimulation of the inferior mesenteric plexus, a total of seven times in tin ee 
dogs, was followed by alterations of -j-/ to — 5 per cent from the control 
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flow, the average changes being +o 8 pei cent (Table II) Five stimula- 
tions in two dogs lesulted in no change when the sui:)enoi mesenteric plexus 
was stimulated after section of the hepatic neives, except a —9 per cent 
deciease on one occasion Similar lesults aie noted in Table IV when the 
bladdei was ledistended or the pelvic neive lestimulated after section of 
the hepatic neives 

It IS obvious fiom these lesults that the mtegiity of the hepatic nerves 
IS essential foi the obseived inhibition of bile foimation when the colon or 
bladder is distended or when the mesenteiic neives aie stimulated Tlus 
pioves the inhibition is due to a nervous leflex mechanism The slight in- 
hibition m flow aftei section of the hepatic neives m a few cases suggests 
that some of the fibei s may not have been divided 

In seven dogs vhose blood piessuie was below 60 Mm Hg, inhibition 
of bile flow did not take place when the colon was distended or its nerve 
supply stimulated, and in thiee of this group theie was a slight mciease in 
the late of flow The dog’s geneial condition w^as eithei so pooi that the 
noimal reflex response could not be elicited 01 the resultant increase 111 blood 
pressuie impioved the cii dilation thiough the liver so as to augment its bile 
secretion 

Acholia, associated wnth a maikedly congested liver, developed m one 
dog during the couise of the expeiiinent The bile flow did not become 
1 eestabhshed aftei the intravenous admimstiation of sodium dehydrocholate 
The common duct w'as not kinked 

Observations during the expeiiments, as well as othei w'Oik on acute 
biliaiy fistula animals, suggest that the concentiation or viscosity of the bile 
varies mveisely Avith the late of flow' When the flow' fiom the liver in- 
ci eased the concentiation deci eased, w'hich W'ould pioduce a thicker bile that 
might favoi piecipitation of its constituents and flow moie slow'ly through 
the bile passages 

Discussion — The mechanism of this leflex 1 espouse involves an analysis 
of the known effects of stimulation of the nerve supply to the livei, particu- 
larly in connection with bile foimation Stimulation of the hepatic or 
splanchnic neives causes definite vasomotoi changes in the liver Bayliss and 
Starling,^® Francois-Franck and Hallion,^® Burton-Opitz,^’’^ and Bauer, Dale, 
Poulson and Richaids^® observed an mciease in blood pressure in both the 
hepatic artery and the portal system on stimulation of these nerves A de- 
crease of liver volume signifying vasoconsti iction w'lthm the liver accom- 
panied this stimulation and occasionally peisisted after the stimulus was 
interrupted Burton-Opitz^® showed that theie is a diminished blood flow 
through the liver, and concluded that the aiteiial and poital vasomotor 
mechanisms are separate and do not depend one upon the other Olds and 
Stafford,^® later, found by injection methods that the teiminal branches of 
the hepatic artery and portal vein separately communicate w'lth the hepatic 
sinusoids, thereby placing the above physiologic obseivation on an anatomic 

basis as well 
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Lundbeig^^ and Hillyaid^^ sectioned the nerve supply to the liver m 
chionic bihaiy fistula dogs and leported no change in the output of bile 
Tantuii and Ivy,^^ in acute expeiiments, lecently obseived an augmentation 
of bile flow following section of the splanchnic or hepatic nerves and an in- 
hibition when the distal ends of these neives were stimulated, providing 
evidence that the iich neive supply to the liver has some control over the 
secretion of bile 

The following possibilities may be offeied to explain the inhibitory reflex 
effects on bile flow bi ought about by stimulation of the neives mentioned 
above (a) Constiiction of the intiahepatic biliaiy channels, theieby obstruct- 
ing the flow of formed bile, (b) kinking of the bile canahculi which form a 
diffuse network aiouiid the poital blanches, (c) conti action of Glisson’s 
capsule, (d) by constiiction of the intiahepatic veins, theieby increasing the 
intrahepatic piessuie to such a point that it would oveicome the relatively 
low pressuie (25 to 30 cm bile) in the bile channels, (e) changes in the 
minute blood flow thiough the hvei , and (f) the presence of inhibitory- 
secietoiy fibeis in the splanchnic neives to the liver 

Constiiction or kinking of the mterlobulai bile ducts, as a lesult of 
splanchnic nerve stimulation, is unlikely because the period of inhibition 
should then be followed by a peiiod of increased flow due to the release of 
tempoiaiily obstructed bile This does not occur Contraction of Glisson’s 
capsule could explain the obseivations on a pressuie basis 

Heidenham^® and Muik-'^ believed fiom then obseivations that changes 
in blood flow affect bile foimation The increase in blood flow through the 
portal system following a meal-^ 01 bile salt injection-® is associated or fol- 
lowed by an inci eased flow of bile fiom the livei The choleresis reported 
by the local or general application of heat^’’^ is associated with inci eased blood 
flow The inhibition of bile flow on splanchnic stimulation is associated with 
an inhibition 111 blood flow thiough the hvei Tantun and Ivy^^ found that 
the increased blood flow is associated with increased bile flow as long as it 
does not inciease the intiahepatic pressuie 

The fibers of the vagi have been found to exeit an excitatory or inhibi- 
tory seci etory effect m dog and monkey It is likely that the splanchnic 
nerves contain inhibitoiy-seci etory fibers Howevei, it would be difficult to 
piove the piesence of such fibeis in the hepatic nerves since they exert such 
a marked effect upon hepatic circulation The augmentation of bile flow 
following section of the hepatic neives is only mdiiect and equivocal evidence 
that inhibitoiy fibers aie being sectioned even though this response often 
continues after the blood pressuie has iisen to its normal level 

The inhibition of bile flow fiom the liver due to nervous impulses from 
the colon in the dog and monkey offers pi oof of leflex pathways from the 
bowel to the biliary system and suggests that a diminished amount of a 
thicker bile may be elaboiated If this stasis in bile flow were continued by 
repeated stimuli from the colon, precipitation of calculi might be favored, 
and difficulties m the flow of bile thiough the ducts might result Obviously, 
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It would be of inteiest to determine whethei the same mechanism could be 
shown to exist in man Theie is no leason, ho^^eve^, to doubt the existence 
of the mechanism in man 


CONCLUSIONS 

(1) Distention of the colon in the dog and monkey caused an inhibition 
m the flow of bile fiom the livei This distention had no ef¥ect on the bile 
flow when choleresis had been established by the injection of sodium de- 
hydi ocholate 

(2) A similar 1 espouse following stimulation of the central end of the 
colonic, mfeiior mesenteiic, supeiior mesenteric neives and pelvic nerve 
indicates that this inhibition is of leflex origin Section of the hepatic neives 
is followed by an increase in bile flow and prevents the above eflfects 

(3) The possibility of inhihitoiy-secietoiy fiheis in the splanchnic or 
hepatic neives and the effect of alterations in the blood flow caused by ex- 
citation of these neives on bile foimation aie two factors which may explain, 
111 pait, the reflex inhibition of bile formation that occurs on the stimulation 
of the afferent mesenteiic nerves 
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CIRCULATORY PROBLEMS OF SURGICAL IMPORTANCE 
IN THE DIAGNOSIS OF ABDOMINAL LESIONS* 

J Stewart Rodman, M D , and William G Leaman, M D 

PiniADri^Pni\, Pa 

FnOM THE DEPAHTMFNT OF SUnrFHl AND CtHDIOLOOl, HOMAN S MEDIC^I. COI Lf OE OF TENNSIMAMA, PHILADELPHIA, PA 

Most of the papeis piesented befoie the American Surgical Association 
on the subject of cai diovasculai disease natuially featuie the results obtained 
fiom direct suigical attack in its lelief It seemed to us it might be worth 
while to discuss ceitam pioblems piesentmg difficulties in differential diag- 
nosis and, theiefoie. in the pioper management of various types of caidio- 
vasculai lesions which have confused suigeons from time to time in dis- 
tinguishing them fiom the acute suigical abdomen We cannot lay claim to 
oiigmality m lecognizing these difficulties All of these problems have been 
met with befoie, but in isolated case leports, and so ve hope that it might 
seive a useful pin pose to gioup them into one vorking classification Our 
object, theiefoie, m piesentmg this papei is to again stiess these diagnostic 
pitfalls which we must avoid in distinguishing between the so-called acute 
surgical abdomen demanding immediate opeiative inteifeience, and instances 
of cai diovasculai disease equally demanding that operative intervention shall 
be withheld It has pioved to be most helpful to us in estimating the surgical 
iisk to classify oui cases with suigical lesions complicated by car diovasculai 
handicaps according to a giouping of such risks published by us in a previous 
papei ^ Now, based upon the combined expeiiences of the Departments of 
Surgery and Caidiology at the Woman’s Medical College Hospital, and more 
paiticularly upon that of the lattei depaitment, of the last eight years in the 
study of 4,083 cases, we wish to classify the types of cai diovascular disease 
giving rise to abdominal symptoms and to biiefly cite cases illustrative of 
each type occurring in oui sei vices (Table I) 

Mode of Pi oduction of Symptoms — Abdominal symptoms may be pio- 
duced by almost any of the etiologic types of heart disease The mechanism 
of the production of the symptoms, however, is vaiiable Foi example, the 
failure of the heait as a pump causing congestion of the abdominal organs 
IS usually fiist leflected in enlaigement of the livei Rheumatic heait dis- 
ease with mitral stenosis is to be suspected in ovei 50 pei cent of these cases 
Howevei, hypertensive 01 aiteiioscleiotic heait disease may be the causative 
agent Continued untieated congestive caidiac failuie may pioduce symp- 
toms usually encounteied in gastro-intestmal tiact disease — ^gas, anorexia, 
nausea, vomiting, diarrhea, fulness and pain m the abdomen, and loss of 
weight Mild, yet clinically detectable, degrees of jaundice may be added to 
the symptom of right uppei quad rant pain caused by sudden distention o 

* Read before the American Surgical Association, Hot Springs, Va, May ii, 12, 13. 
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Table I 

CLASSIFICATION OF CIRCULATORY DISTURBANCES OCCASIONALLY PRODUCING ACUTE 

ABDOMINAL SYMPTOMS 

(i) Cardiac Failure 

(A) Congestive Type 

Liver Enlargement (right upper quadrant pam) 

G -I Tract Congestion (nausea, vomiting, gas, hemorrhage, etc ) 

(B) Coronary Type (reflex) 

Angina (pain referred to upper abdomen) 

Coronary Occlusion (similar mechanism) 

{2) Pericarditis 

(A) Acute Pericarditis (pain at times referred to abdomen) 

(B) Calcific Pericarditis (cardiac compression Ascites may be an early symptom) 

(3) Embolism and Thrombosis 

(A) Mitral Stenosis (auricular fibrillation) Emboli from large left auricle to splenic, 
renal, superior mesenteric and inferior mesenteric arteries 

(B) Subacute Bacterial Endocarditis (infected emboli from the left side of the heart 
Same locations as above) 

(4) Organic Vascular Change 

(A) Aortic Aneurysm 

(a) Symptoms produced by tumor growth 
Displacement of organs 

Vertebral erosion 

(b) Symptoms produced by rupture or dissection 

(B) Arteriosclerosis Spasm (abdominal angina) 

Hemorrhage (in hypertension) 

Thrombosis 

the liver capsule, completing the masquerade “ Ascitic fluid in small amounts 
may arise to further complicate the picture 

In certain types of heart disease, embolism is a frequent mode of produc- 
tion of confusing abdominal symptoms Again, patients with mitral stenosis 
and enlargement of the left auiicle constitute the majority of this group 
Subacute bacterial endocarditis, with its tendency to involvement of the left 
side of the heart, is likewise a dangerous threat to the integrity of the arterial 
circulation below the diaphragm Emboli in vessels supplying the abdominal 
organs may be responsible for the sudden onset of symptoms simulating a 
variety of surgical lesions Occlusion of the mesenteric vessels presents a 
picture often diagnosed intestinal obstruction A renal haven for the embolus 
simulates calculus while a splenic point of rest may give a sudden pain high 
up in the left quadrant of the abdomen simulating a ruptured viscus 

Referred pam from coronary artery disease with angina, or more fre- 
quently occlusion, may simulate any type of gasti o-intestmal tract disturb- 
ance The initial studies of Head^ and Mackenzie'* have, in recent years, been 
amplified in monographs by Capps'^ and Jones ® The mechanism of pain of 
the refeired type is too well known to need any particular comment here 
The abdominal areas of expression in cases of angina and occlusion, and in- 
frequently in cases of acute pericarditis, may simulate gallbladder disease, 
ulcer or acute pancreatitis A leveised pathway may explain changes in the 
cardiac ihythm and even in the form of the electrocardiogram, although the 
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change aiises fiom a gallbladder focus Recent expeiiments upon dogs by 
Owen/ and Ciittenden and Ivy” have served to jiiove that this mechanism 
IS more than a mere possibility Stimulation of the vagus neive by dis- 
tui bailees m the gallhladdei is no doubt the fundamental cause 

Palpable abdominal masses due to aneurysmal dilatations of the abdominal 
aorta, particulaily -when they occui in women, aie puz/bng to the surgeon 
Ruptuie or dissection of the aneurysm pioduces an acute pictuie rarely cor- 
rectly diagnosed and often leading to an unnecessaiy celiotomy Smaller 
bemonbages, although pioductive of the same degree of confusion, may occur 
m abdominal organs m bypei tension Aitenosclerosis of the abdominal ves- 
sels may lead to tbiombosis, and the clinical picture will depend upon the 
size and location of the vessels involved Reduction of the blood supply in 



B 


Fig I — Case i (A) The electrocardiogram shows eaidencc of m>ocardnl damage in QRS changes 
(B) Roentgenogram shows cardiac enlargement of the hapertensne tjpe 

the absence of tbiombotic occlusion may give rise to abdominal symptoms 
that have been grouped undei the clinical head of abdominal angina Lack 
of proper blood supply (ischemia) when the demand on the gastro-mtestinal 
tract IS greatest (after meals) produces pain 

ILLUSTRATIVE CASES 

Case I — Right upper quadrant pain due to enlargement of the liver from cardiac fail- 
ure simulating gallbladder disease 

Hosp No 2136 A C, a physician, age 63, was admitted to the hospital, with chief 
complaint of right upper quadrant pain of two weeks’ duration Following a respirator}" 
infection the patient experienced pain followed by anorexia, nausea, occasional vomiting 
and a slight tint of icterus There was dyspnea present which he attributed to persisting 
cough 

Examination showed normal temperature, pulse 116, respiration 22, and blood pres- 
sure 122/80 The liver was large and tender Rales were heard at the lung bases and the 
heart was enlarged to percussion 2 cm to the left of the M C L The heart sounds were 
distant and a soft apical systolic murmur was heard The rhythm was regular T ere 
was no edema Roentgenologic examination of the chest (Fig i) confirmed the presence 
of cardiac enlargement, and electrocardiographic study pointed also to the primary car lac 
origin of the abdominal symptoms Blood count, Wassermann and urine were nega ive 
The icterus index was 18 
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Discussion — Cases of this type aie not at all uncommon It is mteiestmg 
to note that this patient was a physician who inteipieted the symptoms of 
light uppei quadiant pain, nausea, vomiting and slight icteius entirely in the 
light of gallbladdei disease and lequested admission to a suigical service 
The uppei lespiiatoiy tract infection no doubt was the immediate cause of 
the upset, and the patient explained his dyspnea and cough entiiely on this 
basis The lapid onset of the iight-sided caidiac failuie caused maiked en- 
goigement of the livei with sti etching of the capsule, this focused attention on 
the gallbladdei as a pi unary souice of the trouble due to the localized pain and 
tenderness The other gastio-mtestmal symptoms weie pioduced by stasis of 
blood in the ai eas di ained by the poi tal circulation Even hemori hage at times 
can occui m these cases with long-standing congestion due to ulceration m the 
devitalized aieas of mucosa 

Symptoms of this type m patients in the youngei age gioups aie geneially 
due to advanced initial stenosis and are then less apt to be confused with the 
symptoms of gallbladdei disease 

Bed lest and lapid digitalization in this case piomptly resulted m im- 
piovement in the gastro-mtestmal symptoms The liver diminished in size 
and the tenderness disappeaied Some weeks later the patient began to ex- 
perience attacks of paioxysmal cardiac dyspnea (caidiac asthma), nocturnal 
in type, giving fuithei evidence of the true natuie of the undei lying process 
An inteiesting fact m this case was the complicating jaundice Rarely 
can this symptom occui m such a marked degiee in the absence of true disease 
of the digestive appaiatus Retention of bihiubin heie was sufficient to im- 
pait a distinct tint to the skin and scleiae The congestive failure impaired 
the excietoiy function of the hvei, since an oigan suffering fiom the effects 
of so maiked an anoxemia is unable to excrete a laigei amount of bile pigment 
The nutmeg livei, the teim applied to the oigan in this condition, shows on 
microscopic section compiession of the cential cells of the hvei lobule 

At times, especially m mitral stenosis, jaundice may suddenly appear fol- 
lowing a pulmonaiy infarction Although this was first believed to be caused 
by the extra load of hemoglobin capable of breaking down and producing 
excess bihiubm, it has since been shown to be due to the intensification of 
the anoxemia of the liver cells following the infaiction 

The investigations of Rich and ResniclU^ suppoit this view Kugel and 
Lichtman,’^® moie lecently, in an analysis of clinical and pathologic material, 
studied all aspects of the subject and advanced the following explanation for 
the flank jaundice seen m caidiac failuie of the type described in Case i 
“In a patient with a long standing pulmonary stasis due to cardiac insuf- 
ficiency, pulmonaiy infarction occurs Fiom this iich source, hemoglobin is 
made available by destruction and hemolysis of led blood cells and bilirubin 
IS rapidly formed The presence of serum in the lung, owing to the congestion 
and often to infection, facilitates the solution and absorption of the bilirubin 
The capacity of the hvei to excrete the substance is impaired owing to the 
anoxemia and to the toxic effect of infection on the parenchyma of the liver 
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Howevei, unless extensive disease of the Iivei, i c , tine cirihosis, is present, 
the causation of the frank jaundice is pnmaiily puhnogenic The deleterious 
effects of anoxemia and of infection on livei cells play a necessary but only a 
secondaiy idle The pulmonic factors of piimaiy importance aie the duiation 
and type of the heai t failui e, / e , pi olonged failure of or obstruction in the left 
side of the heai t and pulmonary congestion and the local factors favoring the 
lapid formation and absoiption of bilirubin, i e , pulmonary infaiction, hemoly- 
sis of erythroc3des and local oi systemic infection ” 

Case 2 — Abdominal pain and liver enlargement followed b}' ascites due to calcific 
pericarditis causing cardiac compression 

Hosp No 1325 R F , age 12, was admitted to the hospital, complaining of abdominal 
pain and tenderness and increase in abdominal size of three j ears’ duration There was 
dvspnea and, latelj, pretibial edema The past history was negati\e for rheumatic infec- 
tion Examination show'ed a blood pressure of po/60, a systolic apical murmur and little 
or no increase in cardiac size There w'as noted distention of the jugular veins (venous 
pressure 240 Mm ) Afarked ascites w'as present Fluoroscopj show'ed a small, quiet heart 
and oblique roentgenogram of the heart demonstrated the presence of an encasing shell 
of calcium 

Discussion — In this patient, deposits of calcium about the heart caused 
compression and faulty diastolic filling, these wOie responsible for the pie- 
senting abdominal symptoms The diagnosis was suspected when studies re- 
vealed a small, quiet lieait, a rising venous piessuie, and a falling systemic 
pressure Attention was directed away from the abdomen, and thoracic sui- 
gery was advised to relieve the symptoms of cardiac compression 

Acute pericardial piocesses, particularly in childien, may be accompanied 
by pain referred to the abdomen In some cases acute inflammation of the 
appendix may be suspected and operation peifoimed Pain in acute pericar- 
ditis usuall)'- results from extension of the inflammatory process to the medias- 
tinum or to the diaphragmatic pleuia This type of pain may give abdominal 
reference but careful study of the heait should reveal the true underlying 
cause Detection of the chai actenstic pericardial friction rub many times 
serves to clear the diagnosis When the piocess extends to the diaphragm, 
cough and deep breathing accentuate the pain and this is important in the 
differential diagnosis The pencaiditis met in terminal conditions like neph- 
iitis never gives pain referred to any abdominal area due to the absence of 
the complicating pleuropei icarditis In one patient in our series, abdominal 
pain was found to be caused by acute rheumatic pencaiditis A second attack 
a few weeks later, accompanied by lectus rigidity, was proved to be due to 
rheumatic involvement of the appendix, the appendix on section showing typi- 
cal Aschoff bodies 

Case 3 — Coronary sclerosis followed by acute coronary occlusion, diagnosed gall- 
bladder disease 

Hosp No 763 N M , male, age 51 When first seen this patient complained ot 
indigestion and gas and occasional pain over the right upper abdomen yspnea an 
palpitation had been experienced for some years No edema or chest pain e signi can 
findings were overweight, slight increase in blood pressure (163/92)1 occasiona pre 
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mature beats, but not much increase in heart size The electrocardiogram (Fig 2 A) 
showed only a left axis deviation The patient was placed on a dietary regimen and told 
to make arrangements for a gallbladder roentgenologic study This he failed to do, and 
when next seen, four months later, he showed no improvement The indigestion was worse, 
the dyspnea was increasing, and he stated that a week before the second examination he 
had experienced a very severe attack of indigestion This attack came on at night, 
awakened him from his sleep, and required a hypodermic injection of morphine for relief 
Another electrocardiogram (Fig 2 B) showed the presence of a recent coronary occlusion 
of the posterior type 



A B 

Fig 2 — (A) Electrocardiogram on first examination shows only a left 
axis deviation (B) Second tracing showing presence of coronary occlusion of 
posterior type 

Discussion — Differential diagnosis in tins type of patient is usually more 
difficult Many times, in patients of tins age and build, it is not infrequently 
discovered that gallbladdei disease and coionary disease coexist Tins has 
led to a great deal of discussion and much speculation in the literature The 
exact relationship between a diseased gallbladder and the heart remains a com- 
plex subject although convincing electrocaidiogiaphic evidence of improve- 
ment has at times been observed to follow cholecystectomy Many investi- 
gators have also demonstrated the existence of impoitant reflex pathways 
between the gallbladdei and the heart Even effects upon the caidiac rate 
and rhythm have been shown to occur at the time of operation It has been 
oui impression in a numbei of these cases, where staking postoperative im- 
provement in the pain has been obseived, that our initial opinion as to the 
degree of coionary involvement was incoiiect In othei woids, most of the 
symptoms were produced by disease in a high lying gallbladder 

Oui chief concern, theiefoie, lies in the collect identification of the majoi 
lesion The pain of acute coronary occlusion is often confused with the pain 
pi oduced by gallstones and a celiotomy performed Pam, vomiting, 

fevei, and leukocytosis aie commonly met with in both conditions However, 
if the past histoiy is carefully reviewed, the patient with gallbladder disease 
will usually be found to have a historj'' of indigestion, while the patient with 
coronary occlusion may give a histor}'' of mild attacks of angina resulting 
fiom effoit A complete cardiac study, using the form suggested by us,^ will 
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seldom fail to thiow consicleiable light on the collect diagnosis In Case 3, 
the second electiocaidiogiam furnished the diagnosis and localised the in- 
farction (Fig 2 B) The chaiactciistic T-\\a\c changes were seen The 
degiee of shock ohseivcd in coronaiy occlusion is not present in gallbladder 
disease noi is the shaip diop 111 the blood picssure so constant in gallbladder 
colic as it is 111 coionaiy occlusion The appeal ance of a friction mb over 
the piecordiuin in cases of anterioi coionaiy occlusion clinches the diagnosis 
in favor of occlusion while the appeal ance of jaundice swings the balance to- 
w^ard gallbladdei disease 

Cholelithiasis may cause, reflexly through the autonomic neivous system, 
certain changes m the ihvthm of the heart Babcock’® believes that inhibi- 
tion of the heait can be caused by stimulation of the filaments of the vagus 



ABC 


Fig 3 — (A) Electrocardiogram on admission shows little change (B) Taken eight hours after A 
Note change in Ti and T4 indicatne of anterior coronarj occlusion (C) Showing return ot the 
electrocardiogram to normal eight months later 

arising from the w'all of the gallbladdei Heart block, lelieved b)'^ ati opine, 
has been repoited to result fiom gallbladdei stimulation The jaundice pro- 
duced in some patients by gallbladdei disease may secondaiily affect the car- 
diac mechanism Systolic apical murmuis have been lepoited, by some obseiv- 
ers, appealing during pain fiom a gallliladdei focus Consequently the only 
reliable electrocai diographic evidence in the diffeiential diagnosis lies in the 
T-wave alterations seen in the patient w'^e have piesented 

Case 4 — Coronary sclerosis followed by acute coronary occlusion diagnosed ruptured 
peptic ulcer 

Hosp No 4027 J M , male, age 50, was admitted to the College Hospital, July , 
1938, with chief complaint of sudden, severe epigastric pain coming on while at work He 
gave a history of two years’ treatment for gastric ulcer No roentgenologic studv, how 
ever, had been made When first seen, the patient was pale, sweating Pulse 100, 
temperature 97° F , respiration 30 The heart was not enlarged, blood 
There was upper abdominal tenderness, but no marked rigidity W B C 12,000 
electrocardiogram was negative The pain was completely relieved following injec ° 
gr of morphine A second electrocardiogram taken a few hours later s lowe mar 
change (Figs 3 A and B) 
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Discussion — The pievious histoiy of digestive distiiibance complained of 
by this patient was no doubt caused by his caidiac lesion He piesented this 
vague type of “indigestion” foi some yeais Although he was nevei fully 
studied to piove the diagnosis of peptic ulcei befoie he was seen by us, it was 
assumed that the lesion was pi esent due to the favorable effect of alkali thei apy 
111 impioving the indigestion and “gas ” The history of this type of tieatment 
centeied the attention at the time of the attack on the gastro-intestinal tract, 
and the eiioneous diagnosis of luptuied peptic ulcer was made in the leceivmg 
waid and the patient placed on a suigical seivice It is a mattei of additional 
interest that the usual leads of the fiist electiocaidiogiam were entiiely nega- 
tive As IS many times the case, the typical electiocaidiographic changes 
did not develop entirely until i8 hours after the onset of the attack The sec- 
ond tiacing shows chai acteristic changes in leads i and 4 At the same time 
a friction lub was heard ovei the precoidium, clinching the diagnosis It 
appeals, then, that the dangeious period for the patient is the silent inteival 
between the onset of the attack and the development of pathognomonic elec- 
tiocardiogiaphic and physical signs This patient made a piompt and un- 
eventful lecovery On Maich ii, 1939 (Fig 3C,) evidence of the accident 
had disappeared fioin all leads of the electrocardiogi am Subsequent loent- 
genologic studies failed to leveal an ulcei 

Case 5 — Abdominal aortic aneurysm of arteriosclerotic origin simulating acute sui - 
gical abdomen at time of dissection prior to final rupture 

Hosp No 3784 F E , male, age 68, had been healthy, except for occasional attacks 
of indigestion, until the sudden onset of a tearing pain in the upper abdomen with radiation 
to the right lumbar legion It was accompanied by sweating, pallor and vomiting, and 
when the patient attempted to go to the bathroom, the slight exertion caused him to fall to 
the floor m collapse There was involuntary emptying of the bladder and bowel When 
first seen, he was pulseless with rapid shallow respirations The picture was one of impend- 
ing dissolution The abdomen showed a board-like rigidity and the temperature by rectum 
was 95° F In 20 minutes, the patient regained consciousness and the pulse became per- 
ceptible at the wrist He complained of pain in the upper abdomen and vomited again A 
diagnosis of perforated peptic ulcer was made and operation advised Further observations 
changed this diagnosis when the patient quickly improved and the board-like rigidity of 
the abdomen disappeared A mass, thought to be an aneurysmal sac, was palpated and on 
account of continued abdominal pain, the patient was given large doses of morphine and 
placed on shock treatment The patient showed rapid improvement in blood pressure, 
color and pulse volume for 36 hours At the end of that time there was a recurrence of 
severe abdominal pain, again accompanied by signs and symptoms of profound shock 
Board-like abdominal rigidity did not recur and the aneurysmal sac was distinctly felt 
It was more tender and larger in size and there was a bulging in the right flank The 
patient showed marked pallor, and gave no response to the usual measures He died in 
coma in two hours 

Autopsy showed no peptic ulcer, but advanced atherosclerosis of the aorta, an abdomi- 
nal aortic aneurysm with rupture The entire right side of the abdomen from the spinal 
column to the lateral wall and from the liver to the pelvis was filled with massne 
retroperitoneal blood clot that had pushed the posterior peritoneum so far forward that it 
was nearly m contact with that of the abdominal wall (Fig 4) The hemorrhage had 

773 



RODMAN AND LEAMAN 


AnnalsofSurgen 
October 1039 


pushed into and split the mesentery of the cecum and ascending colon The mesentery of 
the small bowel was not affected The kidney, ureter, adrenal gland and other retroperi- 
toneal structures floated m the enormous clot 

Retroperitoneal Space and Stiuctincs — Aoita The wall was thin and inelastic, and 
the intima was pitted and cracked with atheromatous ulcers Just distal to the origin of 
the superior mesenteric artery, extending to and involving the bifurcation, was a large, 
fusiform dilatation which projected forward and to the left into the abdomen After 
removal this measured 14x8x6 cm The root of the mesentery lay across its anterior sur- 



Fig 4 — Drawing showing relationship of aneurysmal diHta 
tion to surrounding structures (Reprinted from New International 
Clinics, 1, Series 2, through courtesy of J B Lippincott Co) 


face When opened, the forward bulging portion was found to be filled by layers of dense 
yellow fibrin The wall was continuous with that of the aorta, overlaid and reinforced 
by peritoneum and its connective tissue, to which it was closely adherent The lumen of 
the vessel, which went through the mass against the posterior wall, was lined by a smooth, 
red layer of fresh thrombus In the central portion of this thrombus was a small fissure 
which overlaid a short ( i cm ) irregular rupture in the posterior wall of the vessel 

Discussion — Abdominal aortic aneurysm is a rare although extremely im- 
portant lesion to keep in mind in connection with circulatory pioblems that 
figure m the differential diagnosis of abdominal lesions Symptoms from its 
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lupture 01 dissection often confuse the surgeon in the diagnosis of abdominal 
emeigencies, puzzle the uiologist, when small hemorihages invade the tissues 
about the kidney oi pi ess on the ureter, and fiequently tax the diagnostic 
acumen of both mteinist and neurologist m mteipieting pain lefeired to 
various sections of the body 

It is suipiismg how large abdominal aneuiysms may become and how 
great a displacement of the abdominal oigans they may cause and still elude 
clinical detection if the sac points posteiiorly and does not erode the veitebiae 
Thompson^® repoited an abdominal aneurysm, in a laborer, age 39, which 
contained six and one-half quaits of fluid blood and clots at autopsy This 
aneurysm had pushed both kidneys so fai forwai d that they wei e diagnosed as 
metastatic masses on palpation This patient had not consulted a physician un- 
til the last few weeks of life Many cases repoited in the liteiature weie not 
seen until they had become moribund following peifoiation or dissection 
When subjective symptoms from these cases are tabulated, the most fiequently 
recoided is pain It may be of any vaiiety fiom a vague type of abdominal dis- 
comfort, occui ring at times in patients before 1 uptui e, to the typical, agonizing 
terminal variety of pain attending the tearing of the aortic wall The type of 
pain experienced by the patient in these vascular accidents is outstanding 
Extremely large doses of morphine seem ineffective m such calamities and 
these circumstances alone should always suggest an abdominal vascular com- 
plication The ensuing symptoms of profound shock add fuither evidence 
Many times, m the cases repoi ted 111 the litei ature and in our case, preliminai y 
smaller ruptures precede the final event The inteimittent hemorrhages con- 
fuse the picture and often unnecessaiy surgical exploration is undei taken The 
distribution and character of the pain at the time of lupture depend on the 
location of the aneuiysm and the point of rupture Extravasations into the re- 
tioperitoneal space (Case 5) are fiequent If either kidney 01 the uietei is in- 
volved, renal colic is simulated and the pain may ladiate down the innei aspect 
of the thigh to the testicle The high site of the ruptuie, as in this case, often 
leads to the diagnosis of ruptuied peptic ulcer This was the mipiession 
of the first physician to reach the patient’s side Vomiting and diarrhea aie 
fiequently present and serve to further complicate the picture 

Figuie 5, compiled from cases reported in the liteiature, shows the vaiiety 
of symptoms that may result fiom rupture, pressure or dissection when various 
stiuctures of the body are involved (i) Retroperitoneal rupture with peri- 
nephiic collection simulating abscess (2) pressure on ureter with 

pictuie of uiemia,^® (3) rupture into the gastro-mtestmal tiact (duode- 
num^®- 31 - 32 ) — ^pressure on duodenum gives symptoms of pyloric obstruc- 
tion ,33 (4) rupture into the peritoneal cavity , 3 ^ (5) rupture simulating psoas 
abscess ,33 (6) dissection with piessuie on iliac arteries followed by gan- 
grene , 33 - 3t (7) rupture through the diaphragm into the pleural cavity with 
symptoms of thoiacic disease ,33 (8) spinal eiosion with pain in the back and 
legs ,33 and (9) rupture into the mferioi vena cava (aitenovenous aneurysm) 
Consequently, abdominal aneuiysms may produce melena, hemoptysis or 
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hematemesis Poital, splenic oi mesenteiic vein thrombosis may occur and 
give the fiist clue to the presence of an aneuiysm 

The clinical diagnosis of abdominal aortic aneurysm lests upon the demon- 
stiation of a pulsating, expansile tumor mass This sign was present at the 
time of the second examination of Case 55 Inspection in this case showed a 
very slight anteiior bulge of the abdominal wall hut no pulsations could be 
seen At times a thrill may be palpable over the suspected mass Palpation, 
carefully carried out, usually clinches the diagnosis The tumor mass, when 



Fig s — CTiagnm sliowmg oigms iinoKed and pathways of 
dissection in reported cases of ruptured abdominal sortie aneu 
rjsnis (Reprinted from New International Clinics, i Series 2 , b\ 
permission of the J B Lippincott Co ) 

grasped, shows expansile pulsation as well as upwaid thuist It will seldom 
be found to move with lespirations If the aneuiysm is high up under the 
diaphragm, or if it points posterioily, palpation of the sac may be difficult or 
impossible Often, on auscultation, a systolic mui mur is heai d ovei the mass 
In some instances, the patient presents himself with the chief complaint of pul- 
sating abdominal tumoi mass (desciibed by one patient as an “extia heart”) 
The pulsating aneuiysmal sac must be differentiated fiom the throbbing ab- 
dominal aorta and from tumoi masses ovei lying and tiansmittmg pulsations 
of the aorta In patients wheie the thickness of the abdominal fat is not too 
great and the musculatuie not too rigid, diff ei entiation of an aoitic aneuiysm 
from a visceral tumor mass may leadily be made if the patient assumes the 
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knee-chest position The tumoi will fall away from the aoita and no longei 
tiansmit the pulsation to the examining hand 

It is well to remember in cases of suspected abdominal aoitic aneuiysm 
that a inaiked pulsation of the aoita is met in cases of extieme anemia, in 
patients with aortic insufficiency, in h)^peithyroidism and in many undei weight, 
neuiotic individuals In these cases it may be possible to giasp the vessel m 
the hand and the diagnosis of aneui5'-sm is often made Moie detailed exam- 
ination will always show that only an up and down thiobbmg is piesent and 
no lateial expansile pulsation However, if the aneuiysm is completely filled 
with clotted blood, it may closely simulate a tumoi mass and m these cases 
loentgeno logic examination proves invaluable Many times loent- 

genogiams will leveal a piessure erosion m the vertebial column'^'^ and avoid 
an unnecessai}!^ laminectomy This eiosion is searched for between the 
eleventh dorsal and third lumbar segments The most frequent combination 
IS the ei osion of the twelfth doi sal and first lumbar segments 

We have encounteied abdominal aneuiysms thiee times, proving the diag- 
nosis in each instance, in 4,058 patients lefeiied to the Caidiac Clinic of the 
Women’s College Hospital during the past eight years All weie encounteied 
in men past 60 years of age, and all weie of the aiteiiosclerotic type 

Another case showing luptuie of the aoita with seveie abdominal pain and 
presence of a palpable mass was recentty seen by one of us at the Biyn Mawi 
Hospital 

Case 6 — Rupture of the thoracic aorta with dissection, diagnosed gastro-intestinal 
tract malignancy and perforation 

H T , colored, female, age 41, was admitted to the hospital, complaining of a sudden, 
severe, agonizing abdominal pain Vomiting occuried soon after the onset which was later 
bloody and was attended by collapse Examination showed a markedly enlarged heart 
mostly in the region of the left ventricle, no murmurs, normal rhythm The abdomen was 
distended with a nonpulsating, tender, rounded mass in the 1 ight upper abdominal quadrant, 
extending to the right lower quadrant, and about the size of a large grapefruit Other 
abdominal areas were quite tender Peristalsis could be made out in the left upper 
quadrant but was absent elsewhere An electrocardiogram showed diphasic T-waves in 
Leads i and 2 and a left axis deviation Two days later there was recurrence of severe, 
sudden abdominal pain The patient quickly developed signs of profound shock and died 
in 20 minutes 

Autopsy — Body of a colored woman, approximate age 41, quite obese There was a 
large area of ecchymosis in the right flank below the costal maigin There was a low 
midline abdominal scar On removing the skin, the subcutaneous tissue of the right paiietal 
abdominal wall was diffusely hemorrhagic There was a subserosal hematoma in the same 
area On opening the chest, the right pleural cavity contained a great quantity of serous 
fluid together with a huge blood clot The left pleuial cavity contained a lesser amount 
of fluid and clot The pleural surface of the diaphiagm on the right side appeared 
ecchvmotic There was a diffuse hematoma beneath both right and left parietal pleurae as 
it joined the visceral pleura at the hilum 

The heait, lungs, and aorta, down to the bifurcation of the common ihacs, were dis- 
sected m foto There was noted diffuse hemorrhagic spreading from the posterior 
mediastinum downward along the aorta retropentoneally On opening the aorta, it 
appeared atheromatous There was no ratimal puckering There was what appeared to be 
a small perforation in the upper thoracic aorta with retropleural and retroperitoneal 
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hemonhage The lungs weic not adherent and gave no evidence of pathology (right lung 
300 Gm , left lung 250 Gm ) 

Hcait — Pencaridum normal Myocardium hypertrophied and dilated, soft con- 
sistency Vahes intact, no separation between the aortic leaflets (430 Gm ) 

Lmci — 1,300 Gm Appeared normal, gave evidence of passive congestion on section, 
no other gross pathology Gallbladder wall was slightly thickened and the gallbladder 
contained a solitary gallstone 

Kidneys — Right 150 Gm Left 175 Gm Showed some slight decrease in cortical 
substance in proportion to the medulla There was a slightly generalized fibrosis There 
were small retention cjsts in the upper pole of both kidnejs 

Spleen — ^100 Gm Noimal size, grayish light pink in color, extremely soft 
G -I Tiaet — Appealed normal with the exception of the sigmoid colon where there 
were numerous diverticula 

U fe> us was pi esent and appeared atrophic 



Fig 6 — Aiitopsj specimen show mg ruptured sortn nnd pithw n> formed bj dissection 


Cause of Death — Generalized atheromatosis with perforation of the aorta, hemo- 
thorax: and retroperitoneal dissection 

Note — After fixation 111 formalin, the heart and aorta were carefully dissected out 
The perforation appeared to be about 5 cm below the arch of the aorta in the posterioi 
surface in correspondence with a deep-seated atheromatous ulceration From this point 
the blood appeared to have dissected out the adventitia lor a short track, then breaking the 
adventitia and infiltrating the loose prevertcbral tissue in the manner already described 
(Fig 6) 

Case 7 — Thrombosis of the superior mesenteric artery, diagnosed ruptured peptic 
ulcer 

Hosp No 2263 R A , male, age 44 Well until six hours before admission, when he 
was awakened from sleep with severe pain in the right lower quadrant The patient 
described the pain as a “severe blow ” Vomiting occurred several times and this was 
followed by diarrhea There were seven bowel movements between 2 a m and time of 
admission to the hospital at 7 a M The pain continued, increasing in severity and radiat- 
ing to the back On admission, the patient appeared acutely ill There was d3'spnea and 
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lowei pait of the ileum or jejunum, and this area quickly becomes gangienous, 
lesultmg m a geneial peiitomtis 

As m the case desciiliecl heie, the onset of this condition is usually sudden, 
with acute, paioxysmal ahdommal pain due to the cutting off of the blood sup- 
ply to the segment of the bowel Diarihea is not uncommon At times, the 
jiassage of blood by bowel suggests intussusceiition Latei, all the signs of 
obstiuction appeal with symptoms geneially indistinguishable fiom those 
caused by internal sti angulation Accurate diagnosis, piioi to opeiation, is 



Tig 8 — Infirct of spleen following embolism in case of sub 
acute bacteinl endocaiditis 

seldom made m these cases They aie usually diagnosed as acute intestinal 
obstruction oi ruptured peptic ulcer 

Case 8 — Subacute bactei lal endocarditis, with splenic infarction, causing left upper 

quadrant pain , r' u w 

Hosp No 3279 R F K, male, age 31, was admitted to the Womans College os- 

pital, complaining of pain and tenderness in the left upper abdominal quadrant, sudden in 
onset Over the course of the previous two months, there had been progressive weak 
ness, pallor and evening temperature of 100° F He had been able to work until a week 
before admission The past medical history was positive for rheumatic infection at ^e o 
13 Examination showed temperature 101° F, pulse no, blood pressure 150/40 ere 
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was stenosis and regurgitation at both mitral and aortic valves Tlic spleen was palpable 
and tender The fingers showed clubbing A blood culture showed 125 colonies of 
Sheptococciis viudans per cubic centimeter Three wrecks later, the patient sat up m bed 
and died suddenly wuth all symptoms of cerebial embolism An autopsy confirmed the 
diagnosis of cardiac enlargement, aortic and mitral stenosis wutli superimposed vegetations 
of subacute bacterial endocarditis The cause of the attack of acute left upper quadrant 
pain on admission is suggested by the splenic infarct showm in Figure 8 

Discussion — Subacute bacteiial endocai ditis is of suigical inteiest on ac- 
count of the frequency in this condition of emboli to the abdominal oigans 
with the pi oduction of symptoms simulating acute emei gencies The splenic, 
renal and mesenteiic aiteries aie, peihaps, in the ordei named, the most com- 
mon sites for emboli to lodge In the spleen, the infarct is of the anemic type, 
often multiple and ranging in size fiom that of a small pea to an embolus as 
laige as the whole oigan The symptoms vaiy fiom none at all to a sudden 
sharp left upper quadiaiit pain of the type that hi ought this patient to the 
hospital for relief Rigidity of the muscles ovei the aiea is not uncommon, and 
the pain is usually accentuated by bieathing Wedd’^*’ lepoits thiee cases of 
infaicted spleen following subacute bacteiial endocai ditis wheie celiotomies 
weie peifoimed for a luptuied abdominal viscus Infection of the aiea of 
the mfaict by bacteria in the embolus may occui with sj^read to the peiitoneum, 
and death 


SUMMARY 

The mode of pi oduction of abdominal symptoms by the following types of 
circulatory disorders is reviewed Congestive caidiac failure with livei en- 
laigement, chronic cardiac compression resulting from calcific peiicai ditis 
with enlargement of the liver and ascites, coionaiy occlusion and angina, ab- 
dominal angina, abdominal aoitic aneuiysm with luptuie, ruptuie of the aorta 
with dissection, thrombosis of the superior mesenteric artery and embolism 
Following the resume of the lecoid of each typical case, the diagnostic points 
essential in the detection of the cardiovascular background are discussed 
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Discussion — Dr Allen O Whipple (New York, NY) I am pai- 
ticularly pleased to have the oppoitmiity of discussing Doctor Rodman’s paper, 
because it appealed to me very much m its conception , and in discussing the 
matter with him during the past three or four months, I thought that the papei 
was particularly opportune So far as I know, this is the first time that these 
various types of cardiovascular diseases, eithei of preoperative or postopeia- 
tive lesions, have been collected and discussed in a paper before this Associa- 
tion 

The analysis of these various lesions and the way in which Doctor Rodman 
has discussed them show very definitely that he has given this matter real 
study in conjunction with his associates on the medical services That brings 
up one of the points that I wish very emphatically to emphasize, which is the 
teamwoik in the hospital between the man who is interested m cardiovasculai 
disease and the surgical team We have found it of the greatest help, both in 
our general surgical service and in the service on the surgery of the extremities 
undei Doctor Darrach 

The constant help of the medical group in evaluating the operative risks in 
the patients, where the operation is one of choice, has been of the greatest help 
as M^ell as in the patients where the question comes up as to whether to exploi e 
or not to explore, because, as Doctor Rodman has said, at times this is a 
most impoitant decision Unless the patient is operated upon, it may be a 
teiiible catastrophe if not operated upon, or if the patient is opeiated upon 
mth one of these lesions, it may be entiiely contraindicated 

There aie two points that I wish to emphasize One is the advantages of 
oxygen therap}^ in some of these patients with a damaged myocardium and im- 
paired circulation We have been impressed with this in several groups of 

783 



RODMAN AND LEAAIAN 


Annals of Surper) 
Octol)cr lO”*) 


cases, paiticulaily the thyioid gioiip. and, secondly, with the gioup of cases 
HI which thcie is a thoiacic lesion associated \\ith the damaged myocaidiuin 

The placing of the patient in an oxygen tent, oi even bettei, in an oxygen 
loom, iemo\es a veiy leal bin den fiom the patient m his fiist two or three 
days aftei opciation 

The second ]ioint w Inch I w ish to emphasi/c, and T am sui e that the group 
fiom the Toionto Clinic will speak of this, is the advantage of heparin theiapy 
We have not had anything like the extensive expeiience that thci’’ have had in 
Toionto, but we have been tremendously impiessed with the efficac}'’ of heparin 
as a pieopeiatuc as w'ell as a postopcratnc measuie, m pi eventing thiombosis 
and emboli 

Dr i\IoNi R Rmn (Cincinnati) I w'ant to cite one case wdnch wall illus- 
tiate anothei abdominal lasculai condition wdnch Doctor Rodman did not 
include in Ins papei, naincl), so-called aiteiitis nodosa Recently, a young 
man, age 33 w'as sent into the hospital fiom the icceiving waid with the diag- 
nosis of a 1 uptui ed jieptic ulcei He ivas having exci iiciating pain and there 
was marked tenderness in the epigastiic icgion Howevei. he did not appear 
to be ver}’' sick, noi did he have an}'- muscular iigidity of the abdomen On 
fuithei questioning, it was learned he had had these pains for seveial w'eeks 
The operation was defciied The patient w'as then studied very caiefully on 
both the surgical and medical sei vices, wheie all kinds of roentgenologic and 
laboiatory studies failed to 1 eveal any 01 game lesion The sevei e pain persisted 
The medical lesidcnt, Doctoi Shiro, suggested that it might be a case of 
artel itis nodosa The diagnosis w'as eventually confirmed through a biopsy of 
muscle The histologic sections of the vessels lemoved w'eie typical of aiteritis 
nodosa 

One intei esting thing about this case w as that the patient w as given sulf- 
anilamide wnth extraoidinaiy unpiovement The temperatuie, wdnch had been 
lunning aiound ioi° F befoie opciation, soon became normal FIis pain was 
relieved It has been a )eai since this theiapy w'as instituted and the patient 
still lemains appaiently w'ell 

Dr Arthur M Shipluy (Baltimoie) Some years ago theie came onto 
the service of the late Doctoi Boggs at City Flospital a Negro, age 30, wnth 
a mass in the region of his light kidney This case w'as w'orked up on the 
medical service and a diagnosis of pei inephntic abscess w'as made He had 
had no evidence of aneuiysm of the abdominal aorta clinically He had a large 
shadow which obscured the aneuiysm m the roentgenogi am — the aneurysm 
which W'as found latei Fortunately foi the man and foi myself, I used the 
patient in teaching a small group of students, and I w'ent dow'ii on this mass 
thiough a small incision When I came dow'ii to the tense area containing 
the supposed pus, I used a cuived Kelle}' clamp, and show'ed them how' to 
entei such an ai ea without using a knife When I thrust the clamp into this 
mass, I had to pull my head ovei to one side to keep the spiiit of blood from 
hitting me in the face — then I found myself in the position of the small Dutch 
boy who stuck his fingei m a hole in the dike, and I W'ondered what I should 
do next I intioduced a numbei of sutures around my fingei and had the 
assistant tie these one aftei the other and finally withdiew my finger with^t 
the occurrence of furthei hemorrhage Foui months later the man He 

had a small aneurysm of his abdominal aoita which had slow'ly peiforated, and 
what he had also was a secondary suigical aneurysm w'hich simulated, 
ally, the findings in a pei inephi itic abscess Of course I know what 1 shorn 
have done , I should have put an aspirating needle into this area Mtore using 
it for a teaching demonstration, and that was a sin of omission whic i lave 
not forgotten 
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Dr Harvey B Stone (Baltimoie) It has been said that science consists 
in the discoveiy, the veiification and the classification of facts Ceitamly, I 
think Doctoi Rodman’s contiibution should be consideied a valuable scientific 
achievement from the standpoint of giouping into a coheient, oiganized classi- 
fication these vascular lesions which we, of couise, have all known about and 
woiiied about for a long while 

I think anyone who is actively engaged in teaching must feel veiy giateful 
to Doctoi Rodman foi pi esenting this nicely gi ouped and coi i elatecl study of 
these veiy important and veiy confusing conditions Ceitamly, for me it will 
be a much easier task to bung sharply and definitely to the attention of stu- 
dents these vaiious foims of cai diovascular lesions which may be confused 
with suigical conditions 

I think another thing stands out veiy cleaily fiom this careful giouping, 
which IS, that of all the vaiious conditions desciibed by Doctoi Rodman, one 
group only leqiines suigical mtei vention, namely, embolic or thiombohc 
lesions involving the blood supply of the intestine, and this sharply dis- 
tinguishes, fiom the standpoint of theiapy, this one out of all the other vas- 
culai complications which may occui 

I suppose eveiy one of us, peihaps, could cite instances m which he has 
made mistakes either in opeiatmg upon a supposed suigical condition which 
turned out afteiwaid to be a vasculai lesion, oi the leveise eiioi of failing to 
opeiate in the belief that the condition was a vasculai lesion but which actually 
was a surgical condition 

There is one case that I should like to cite which was not covei ed in Doctoi 
Rodman’s veiy compi ehensive lecitation indicating the complications that may 
OCCUI with abdominal aneuiysms In biief, the patient came in with a histoiy 
of sudden seveie shock lendeiing him unconscious He was found lying on 
the giound Some hours latei, he was seen in the hospital by me, and I was 
unable to make a definite decision as to what was wrong with him I asked 
Di William Fisliei to see him vith me, and aftei consideiable uncertaint}', we 
decided that he piobably had an acute pancieatitis I shall not go into his 
symptoms except to say that they did simulate veiy closely those of acute, 
fulminating, hemorihagic pancreatitis I exploied him and found a panel eas 
greatly distended and swollen and filled with blood, some fiee blood in the 
abdominal cavity, but it was noticed at opeiation that there was no evidence 
of fat neciosis He was simply diained, the wound closed, and he died a few 
houis latei He had a dissecting aneuiysm of the abdominal aoita which had 
luptmed into the pancreas 

Dr William E Gallie (Toronto, Canada) I have been injected into 
this discussion by Doctoi Whipple without any previous intention on my part 
of appealing I can say, howevei, that the clinical expeiiences with heparin, 
which were lepoited before this society last yeai by Doctoi s Mini ay and Best, 
have continued to be most encoui aging, and that now a vei}'^ consideiable 
numbei of patients with emboli lodging in the great vessels, such as the bifur- 
cation of the aorta into its iliac blanches, have been dealt with successfully by 
the leinoval of the embolus and subsequent tieatment with heparin 

Peihaps moie impoitant than these cases of arterial embolism, have been 
a senes of four cases of thrombosis of the mesenteiic vein, m which excision 
of the gangienous bowel followed by the administiation of hepaiin has resulted 
in the piompt lecovery of the patients without the usual extending thrombosis 
which almost always terminates these cases We are naturallj^ enthusiastic, 
theiefore, regaiding the usefulness of this drug 
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Ir ru'nNTi^ yeais oi so ago one mentioned San Francisco to a gioup of 
doctois, instantly, togethei with pictuies of the Golden Gate and the great 
eaithquake and file, thcie would come to their minds the figure of Di Emmet 
Rixfoid Doctoi Rixfoid was a pait of the West and the West w'as his He 
knew^ it, he loved it, he helped build it He w'alked ovei it, sailed over its 
w'ateis, slept undei its open skies, climbed its mountains, stood undei its trees 
He knew' its old huildeis, both the gieat and the lowly He talked w'lth them 
and listened to then stones and told them some of his ow'ii , he took care of 
them and helped relieve their sufferings W'hen the}' w'Cre sick He knew 
Western trees and plants and fiow'eis, knew them intimately, he knew the 
animals and locks 

Doctor Rixford w'as born Febuiaiy 14, 1865, m Bedford, a small tow'ii m 
Canada neai the Vermont boidei PIis father was a Vermonter, his mother 
Canadian His family made axes and scythes in tw'O factoiies, one m East 
Highgate, Vermont, and the othei in Canada In 1867, w'hen he w'as tw'o 
yeais old, his parents set out foi California in a "side-w heeler,” crossed Nica- 
ragua and settled in San Fiancisco His falhei seemed a ^josition with the 
San Francisco Bulletin and w'as latei m the employ of the State Department 
of Horticulture Doctoi Rixford inheuted his love of nature from his father 

He attended the San Fiancisco public schools and entered the University 
of California as a student of engineering, giaduatmg in 1887 He often said 
that his engineering studies had stood him in good stead duiing his practice 
of suigery, and had helped him especially to undei stand the mechanics of frac- 
tures, a subject to which he gave paiticular attention After having graduated 
m engineering, he decided to become a doctoi and enrolled in the classes of 
Cooper Medical College, from w'hich he received his doctor’s degree in 1891 
Among his teacheis w'as Di L C Lane, a formei Navy Surgeon, a Greek 
and Latin scholai, and the best known surgeon on the Pacific Coast Lane’s 
clear, cold, classic intellect atti acted the young student and after his giadua- 
tion he became Lane’s assistant He helped him at operations and often acted 
as nurse and orderly to his patients afterw'ards Lane had a busy office in 
the older business portion of San Francisco , the upper stories of the building 
were equipped as a small hospital, and heie, Doctor Rixford, who had helped 
operate upon the patients by day, used to take turns with other young mon in 
watching over them at night Lane never mastered asepsis He use to 
consider operation for inguinal hernia unjustifiable, but he was a cool an 

brilliant operator 1 1 a 

In 1896, Doctor Rixford met Sir William Macewen, of G asgow, wio 

come to San Francisco to deliver the first course of Lane Lectures, an 
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after the influence of Macc^^en’s dominating mind was detectable in his 
speech and acts 

In 1S92, soon aftei lecciving Ins degtcc, Doctoi Rixfoid left for the East 
and spent a yeai as lesidcnt at the New Yoik Hospital foi Ruptured and 
Crippled undei the eldei Coley Dining the summei of 1S92, he Morked at the 
Johns Hopkins Hospital in Welch’s kihoiatoiy In 1S93, he returned to San 
Fiancisco and set out to piaetice stirgei}^ on his own account He iias made 
Adjunct Piofessoi of Suigci} at Coopci Medical College m 1893, and Pio- 
fessoi of Suigery in 1S9S 

His publications and his active pai ticipation at socictj meetings and in dis- 
cussions soon gained him national lecognition lie was elected Ahce-Presi- 
dent of the Ameiican Suigical Association in 1905, and was its Piesident 111 
192S In this same ycai, at the lequest of Di I'larvcy Cushing, he seived as 
Surgeon in Chief, pj 0 icui , ot the Petci 33 ent Bi igham Plospital in Boston 
He w^as a membci of the Socicti of Clinical Surgeons and attended their for- 
eign tours legulaily He w'as a tonndei of the Pacific Coast Suigical Society 
and its Piesident in 1932 He belonged to many othei societies and held 
many othei offices 

His eailiei publications deal with all kinds of suigical topics henna, 
goitei, panel eatitis, gallstones cancel, clc J-Jis most cnduimg woik will 
probably be the papei in Vol i of the Johns Hopkins Hospital Repoits. in 
wdnch he lecogni/ed and, togcthei w’lth Gilchiist, desciibed a new disease, 
coccidioidal gianuloina, and a numhei of papei s on the mechanics and pio- 
duction of fiactuies, in wdnch he dcsciibcd the phjsical piinciples nnderljmg 
the pioduction of toision, flexfon, buckling and gieen stick fiactuies 

The bald lecital of his scientific achievements and honois can give but 
an incomplete idea of this man liis advice and help w ei e sought by patients 
and colleagues fiom all ovei the Pacific Coast His clinics and colloquia w^ere 
academic pi esentations such as few men could offei Lane Libiaiy, the laigest 
medical libiaiy in the West, stands as a lasting monument to his love for 
books and leaining His knowdedge of the medical histoiy of the Pacific 
Coast was wide and accui ate Many of his best w 1 itings deal wnth Western 
medical histoiy and biogiaphy One 1 egrets that he did not write more of 
himself, foi his hand, no less than Lane’s and Coopei ’s and Poland’s, of whom 
he wnote, guided Western medicine He knew' many of the old pioneers 
himself, he was close enough to then life, then w'orks and then times to wiite 
of them vividly, accurately, understandmgly and wnth justice 

Like these older predecessoi s of his, he occupied himself with natural his- 
tory in general and not only wnth the natuial histoiy of disease inescapably 
for one who tuins to medicine as the most natmal avenue foi the exercise of 
an inquiring and logical mind, but wdio finds it impossible to shut his eyes to 
the many objects with wdnch a new countiy suriounds him He was a true 
outdoor naturalist, with companions, latei wnth his childien, he 
trips into the Sierra Nevada Mountains and, as he walked, stiidie t ^ 

touched w'orld ai ound him He climbed the peaks , Mt Rixford, a 13,000 00 
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peak of the Kearsarge Range, is named foi him His eail}^ engineeiing days 
had awakened in him a pecuhai fondness foi the spnal He was fond of stiid}- 
ing this cuive wdieievei he met it, and so, m his latei yeais, he collected the 
shells of land snails and giew'- to be an authoiity on them His towm house and 
his gai den, quite neai the busy automobile section, w^ei e a museum of natui al 
histoiy and an expeiimental station Aftei his retiicment from teaching, at 
the age of 65, he found more time foi gaidenmg, like his fathei, who, at the 
age of 90, began to hybi idize 01 chids that took ten or 20 3 eai s to gei inmate, 
he went at it with piofound iiiteiest and zeal He helped oiganize the Stale 
Hoiticultural Society and he co vexed his countiy place at Los Altos with loses, 
wdiich he ciossed, giafted and laised fiom seed He supplied paiks and 
botanical gardens wnth loses of the oiigmal piimoidial stock wdnch he giew 
fioni seed sent him fiom vaiious countiies of Asia 

Doctoi Rixford w^as not a spoilsman m the oidmaiy sense His thiifty 
Vermont lineage, I suppose, foi bade that, but also his turn of mind, wdnch 
would lathei w^atch and note the actions of his fellow^ men and othei animals, 
than sti uggle wntli them 01 kill them He liked the sea, how^ever , he owmed 
and sailed a laige old sloop — the Annie The Annie w^as built in New' Yoik 
m the 70's, and had been a fast sailei m hei day Theie w'as a not too w'ell 
exploded legend that she had been used to convey Boss Tw'eed fiom New 
Yoik to safei quaiteis wdien a letieat seemed judicious Rallies of youngei 
doctoi s and hospital mteins, and latei his childien, manned hei until she got 
too deciepit, when her skippei had hei binned at sea lather than let hei lot 
111 the mud 

Toward the end of 1937, Doctoi Rixfoid, still vigoious and giving piomise 
of many useful and active yeais, discoveied signs of a caicinoina of the blad- 
dei He died m Boston following a suigical opeiation, Jaiiuaiy 2, 1938 His 
w'as an unusually vaiied, useful and active life He combined the broad 111- 
teiests foi all inannei of natui al phenomena that weie chaiacleiistic of the 
best of the earliei Aineiican scientists and suigeons wnth an inquiiing, analy- 
tic and logical mind, wath a retentive, histoiical and judicious memory and 
W'lth tiuly academic learning 

Leo Eloesser 
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In niE death of Sn Thomas Myles, an honoiary fellow of the Ameucan 
Suigical Association, Ii eland has lost one of its most outstanding surgeons 
Sn Thomas A\as ^\ell known to many of the members of the American Sui- 
gical Association, since he had visited in this country on a numbei of occa- 




SiR Tkomas M D 

sions, and had made impoitant contributions to the scientific sessions of the 
Association Those who had the oppoitunity of visiting him in Dublin and 
attending his surgical clinics will always remembei him as a great surgeon 
and teacher and will recall his inspiring peisonality 

Sir Thomas, son of John Myles of Limeiick, was born April 20, 1857 
He studied medicine at Trinity College, Dublin, wheie he received his M B 
and B Ch in 1881 and m 1889 his M D He served as house surgeon at 
Steevens Hospital and, in 1885, became a Fellow of the Royal Chirurgical 
Society of Ireland and was appointed secretaiy of the Dublin Hospitals Com- 
mission In 1889, he was appointed professor of pathology at the Royal 
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College of Surgeons of which he was President fioni 1900 to 1902 Foi 
many years he was visiting suigeon to Jeivis Stieet Hospital and latei to 
Richmond Hospital, vheie the remainder of his active professional life was 
spent In 1900, he was made honoiary buigess of his native city of Limeiick 
and received the honor of knighthood in 1902 He lepiesented his college on 
the General Medical Council fiom 1905 to 1911 and fiom 1933 until the time 
of his death In 1910, he was appointed honoraiy surgeon in Ii eland to King 
George V, and during the World Wai, Sii Thomas seived as a consulting 
surgeon to the foices in Ii eland He ivas elected to honoiai} membeiship in 
the American Surgical Association in 1907 He passed away at his home m 
Leeson Park, Dublin, July 14, 1937 

The eulogies appearing 111 the medical journals of Gieat Biitain and Iie- 
land depict Sir Thomas as a man of laie peisonal charm, equanimity and 
high scholarly attainments Sii Thomas possessed a piofound knowdedge of 
the surgeiy of his time and his oiigmality was displayed m many of the con- 
tiibutions by which he advanced surgical piogiess He w'as a man of mag- 
nificent physique who was seen by one wiitei as one wdio had discoveied the 
seciet of perpetual youth He w^as most toleiant of the opinions of otheis and, 
as another wiiter has expiessed it, ‘T never saw^ him out of tempei,” and “he 
never foigot a friendly act 1101 desiied to remember an unfiiendly one” 

I take the liberty of quoting m part a tiibute to Sir Thomas fiom his life- 
long friend, Mr A B Mitchell, of Belfast “Sir Thomas Myles was an out- 
standing personality 111 any company His conveisation w'as ahvays fascinat- 
ing because of the extiaoidmary range and accuiary of his knowdedge and 
the simplicity and foicefulness with which he expressed himself His ac- 
quaintance with histoiy w^as piofound He was one of our gieatest Shakes- 
pearean scholars, and constantly quoted his favouiite author with a feivoui 
and suitability that w^as most impiessive He was endow'ed wnth a colossal 
memory He was a voracious leadei A book once lead w^as masteied, he 
could refer to its individual chaiacters yeais afteiwaids as if he had lived and 
moved amongst them His wonderful capacity as a teachei of medicine and 
surgery will never be foigotten till his last pupil has gone to join him in the 
‘Everlasting Land ’ It is not too much to say that one’s first visit to ‘Tom 
Myles’ Giind’ w^as a revelation The lucidity, brevity, accuracy, and virility 
of his desciiptions of disease were altogether unique He prepaied more than 
1,000 young men for vaiious medical degiees, and for entrance examinations 
foi the Army, Navy, and Indian Medical Services His pupils have attained 
the foremost positions m every part of the British Empne Wheieier they 
w^ent they carried wuth them not only profound admiration but a deep affec- 
tion for then gieat teacher It is impossible to overestimate his influence upon 
the lives and chaiacter of those wdio came undei his magnetic peisonahty’ 
The Ameiican Suigical Association honors the memory of Sir Thomas 
Myles and is honoied to have on its roster the name of this distinguished sui- 
geoii of Ireland 
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JOHN LAWRENCE YATES 

1872-1038 


John Lawrcncc \ati:s, wlio died at his home m jMdwaukee, November 
3 > I 938 > of acute thioat infection, was boin m ^^Iilwaukec, Wisconsin, 
Febiuaiy 27, 1872, the son of Theodoic and Marion Y''olcott Yaics Doctoi 
Yates w'as giaduated fiom the Phillips Exctei Academy m 1891, after wdiich 



John Lawrence Yates, jM D 


he attended the Sheffield Scientific School of Yale, receiving the degiee of 
Ph B m 1894 He then did postgiaduate wmik foi a yeai at the Univeisity 
of Wisconsin wdieie he leceived the degiee of B S in 1895 He was giaduated 
fiom the Johns Hopkins Medical School m 1899, and w'as for some time sub- 
sequently an assistant m Pathology at that institution In 1901, he became 
assistant denionstiatoi of Pathology at the Univeisity of Pennsylvania under 
Di Simon Flexnei Following this, he w'as foi some time associated witi 
Dr Albeit Ochsnei at the Augustana Hospital in Chicago and, m 1906, began 
the private piactice of surgei}'- in Milwaukee, Wisconsin, ivliich he continue 
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until the time of his death In 1905, he maiiied Katherine Gioss, of Hariis- 
burg, Pennsylvania, who, with his sistei, Mis C M Allis, survive him At 
the time of his death he was on the suigical staff of several hospitals in Mil- 
waukee and was associate leseaich professor of Oncology at the Univeisity of 
Wisconsin and the Maiquette University Medical Schools He nas for many 
yeais a fellow of the American Suigical Association, a member of the Associa- 
tion of Thoracic Suigeons, the Society of Clinical Suigeons and many othei 
medical and suigical societies, local and national 

Fiom the above, it is evident that he had led a most active and pioductive 
piofessional life which had earned for him the leputation of being one of 
Ameiica’s outstanding surgeons Fiom his eaihest da5^s, he had an un- 
quenchable thirst for investigation of the unknown and this spiiit of leseaich 
influenced and diiected all of his piofessional life Unlike many mteiested 
111 leseaich, he was also keenly mteiested 111 the human and clinical side of 
suigeiy and was devoted to the welfaie of his patients, and they in tuin de- 
voted to him No peisonal saciifice was evei too gieat if theieby someone 
might be benefited In some of his lesearches he used himself as an expeii- 
mental animal and upon one occasion in paiticulai seiiously impaiied his 
health Foi years he studied and wiote about Hodgkin’s disease and 1 elated 
disoideis He made many contributions to suigical hteiatiue, notably m 
connection with the use of diains m peiitomtis which he deciied, the tieat- 
ment of gunshot wounds of the chest and latterly cancel, in which he stiove 
to demonstiate the existence of antigens and antibodies Immediately upon 
the enhance of the United States into the Woild Wai he joined the Medical 
Coi ps and ultimately was commissioned a Lieutenant Colonel He was deeply 
mteiested in the tieatment of gunshot uounds of the chest and in the quiet 
peiiods earned on investigations along these lines in the United States Laboia- 
toiies at Dijon, but duiing peiiods of activity he was always functioning as a 
suigeon as neai the fiont lines as he was allowed, and to him were usually 
allotted the bad chest wounds which he handled most skillfully and effectively 
and taught many othei s so to do He was a most patriotic individual and 
nevei could quite f 01 give those wdiom he thought had slacked then job 

He was possessed of a most chaiming pcisonahty, seiiously earnest m 
eveiythmg he undertook but tempeied with a jojous natuie and a genuine 
sense of humoi wdnch always leheved the diab spots No one, and they are 
many, who has evei heaid his heaity laugh will forget it Wherever he 
went he spiead joy and ninth and he w'as a gloiious companion in fun or 
fight, and the lattei he could do wdien he felt a cause 01 condition demanded it 
His happy natuie gave him a chceiful outlook upon life and greatly enhanced 
his lalue to his patients, many of whom weie cuied of their maladies quite as 
much by his cheeiy. optimistic mannei as by his surgical skill, and the com- 
bination was well-nigh peifect 

Honest}, intellectual and actual wa*^ one of his most outstanding qualities 
and w'hen one asked him a direct question, he lecencd a dnect answer 

Lojalt} was anothei superb quality possessed b\ him m a striking manner, 
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and nevei in his life did he fail a fiiend in time of need Of his great industiy 
mention has already been made and he played, when he did play, quite as hard 
as he worked — ^and he was a grand playbo)" To his great host of friends, lay 
and professional, he was known as “Jack,” which peihaps indicates in some 
fashion then feeling foi him Raiel}’-, among the host of those who knew him, 
was he called Doctor Yates but lather Jack Yates Honesty, Loyalty, Indus- 
tiy, Coinage and Abiht}' ma)t be said to have been his outstanding character- 
istics 

A life full of seivice to his fellow man, well and effectively lived, he has 
left a definite impiess upon American surgeiy which will live on, but in the 
heaits of his patients and many friends, a void that can nevei be filled 

Arthur W Elting 
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EDWIN BEER 
1876-1938 


Edwin Beer was bom in New Yoik City in 1876 He ^^as giadiiated 
fiom Columbia College in 1896, and tliiee yeais later received his medical 
degree fiom the College of Physicians and Surgeons of New York Upon 
the completion of his internship at the Mount Smai Hospital, he went abioad 



Edwin Beer, M D 


to complete his postgraduate studies in the clinics of Prague, Berlin and 
Vienna Shortly after his letuin to New Yoik, he became associated with 
the Mount Sinai, Bellevue, Flower, Neurological and the Lenox Hill Hos- 
pitals It was at this lattei institution that he developed one of the first cysto- 
scopic departments in the city In 1910, he as appointed an attending sur- 
geon to the Mount Smai Hospital and, although m charge of a general surgical 
seivice, he became moie mteiested in the field of urology He ser\ed 111 
France during the World Wai as a Lieutenant Colonel m the USA 
jMedical Corps He A\as a fellow of the New York Surgical Societ) and its 
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President upon the occasion of its fiftieth anniveisaiy He enjoyed fellow- 
ship in the Ameiican College of Suigeons, the Ameiican Uiological and the 
Ameiican Suigical Associations, and the International Society of Surgeons 
He was a. Vice-Piesident of the New Yoik y\cadeiny of Medicine and a 
Piesident of the Medical Boaid of the Afount Smai Hospital 

In 1938. upon the occasion of his sixty-second birthday, he was presented 
^Mth an anniveisaiy volume containing ovei 70 piesentations contributed by 
his many fi lends both heie and abioad Although seiiously ill at the tune 
with a malady w Inch was to cause his death on August 13, 1938, this volume 
hi ought him gieat joy 

Edwin Beei s medical coiiti ibutions Avcie mnumeiable and coA^ered not 
only the moie important piobleins in man} blanches of suigeiy, but especially 
uiology He AAas gieatly mtciested in the iiiologic diseases in the young and 
peifected one of the fiist practical cystoscojics for infants In 1930, he pub- 
lished a monogiajDli on Disease of the Umiaiy Tiact m Childien This aa'us 
an exhaustiA'e tieatise based ujion the modem methods of iirologic im'estiga- 
tion The ciOAAinng event 111 his bnlbant caieei came m 1927 Avhen, at Brus- 
sels, he leceived the fiist gold medal giAcn In the International Society of 
Urology foi the use of the Oudm high frequenc} cun cut in benign bladder 
tumois, a method aaIucIi levolutioni/ed then tieatment In 1937, he aaus 
aAA aided the Gold Ke} by the Ameiican Congicss of Physical Theiaj^y for his 
outstanding contributions to the tieatment of A'esical tumois His unusual 
experience in this field enabled him to AAiite an niA'aluable monogiaph on 
Tumois of the Uiinaiy Bladdei. A\hich A\as jmbhshed in 1937 

EdAvin Beei A\'as a boin scholai, endoAAed A\ith a magnificent intellectual 
background Avhich gave him an unusual claiity of thought Avhetbei m suigeiy 
01 111 the field of economics 01 sociology Pie Avas a gieat tcachei and his 
suigical appioach to any pioblem Aias marked Aiith meticulous attention to the 
slightest detail, a chaiacteiistic aaIucIi could not help but impiess those about 
him He Avas a mental stimulus and an insjniation to the youngei geneia- 
tion of suigeons, Avho came to lel} upon his judgment and achnee His un- 
timely death depiiA’'ed suigeiy and uiology of one of its gieat oiigmal minds 

Ralph Colp 
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FRANZ J A TOREK 
1861-1938 


Franz J A Torek was boin Apnl 14, 1861, in Bieslau, Geimaiiy At 
the age of ii, he came to Ameitca with Ins patents and attended the public 
schools and latei the College of the Cit)’' of New Yoik, giaduatmg at the age 
of 19 He was elected to Phi Beta Kappa After teaching English for sev- 



FRA^z J A Torek, M D 

eial }eais, he studied medicine at the College of Physicians and Surgeons 
and leceived the degiee of i\I D in 1S87 

Folloumg graduation, he seived an internship at the German Hospital, 
now the Lenox Hill Hospital, and remained connected wnth it until his death, 
a peiiod of over 50 3'^eais He w^as a niemhei of the Attending Staff of the 
New \oik Post Graduate Hospital, fiom 1890 to 1915, when he lesigned 
aftei 25 )eais of service He w'as attending surgeon at St Marks Hospital 
from 1891 to 1905 The histoi} of the New York Skin and Cancer Hospital 
IS closel) inteiwo\en with the name of Doctor Torek, for he scr\ed on the 
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Attending Staff fioin 1890 to 1935, dining almost the entne period of in- 
dependent existence of that institution Aftei it became merged with the New 
Yoik Post Graduate Hospital, he \\as appointed Consulting Surgeon 

He was a member of leading medical and surgical societies, including in 
addition to the Ameiican Surgical Association, the New York Surgical 
Society, the New Yoik Society foi Ihoiacic Surgeiy, the American Asso- 
ciation for Thoiacic Surger} and the German Medical Society He was an 
Ex-Piesident of the three lattei oigani/ations 

Doctor Toiek was a A'eisatile geneial surgeon 1 heie is no field of surgeri 
into which he did not venture and to i\hich he did not make some worth- 
while contiibution Especially, operations lequiring technical skill interested 
him, and this is evident in his w 1 itings The diffei ent jnocedures he developed 
w ere ahvays the 1 esult of cai eful planning and practice on the cadaver His 
appioach to a difficult surgical pioblem was likewise one of detailed planning 
and then executing it with an ease and skill which made it appear almost 
simple His unusual talents found then greatest application in his treatment 
of cancel, m wdnch his patience, his deftness and his coinage were of inesti- 
mable value Although his publications in tins field aie limited, it is perhaps 
principally for his ladical cancer operations that he will be remembered b) 
those who w^ere associated with him His chief service to the public lies m 
the relief or cine afforded innumeiable suffeiers fiom cancel 

His seivice to the piofession may be measuied by the tiaming of numer- 
ous young singeons, wdio weie associated wnth him dining the course of 
years, to be good cancel surgeons A ladical procedure, carried out with 
neatness and attention to detail, w'as the point he stiessed 

Seveial operations he developed indicate oiiginal thoughts on the subject, 
and when he pi esented them they wxi e supported by abundant clinical material 
In 19 ^ 9 ) he lepoited an operation foi inguinal henna, based on the ob- 
servation that the sac always descends betw^een the vas and vessels of the 
cord By high ligation of the neck of the sac and by separating these tw^o 
structures with the aid of tw^o or three sutures, he sought to overcome this 
tendency He w’’as so w^ell satisfied wuth the method that he continued it 
thioughout his life 

The Torek operation foi undescended testicle is being practiced wnth in- 
creased frequency by singeons throughout the counti}'^ 

His outstanding contiibution to surgery is the operation for caicmoma of 
the thoracic portion of the esophagus In November, 1914, he presented the 
first successful resection This case has remained famous m the surgical lit- 
erature because cure lesulted and the patient lived foi more than 12 years 
and finally died at the age of 79, of pneumonia The principles underlying 
the operation are recognized as fundamental and aie being follow^ed by sur- 
geons throughout the world 

In the treatment of his patients. Doctor Torek embodied all the virtues of 
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a great surgeon, for he had sympathetic undei standing of their mental as well 
as their physical sufifermg and he tiled to alleviate both 

He had a musical background and was himself an accomplished musician, 
which contributed much to enrich his life 

Doctor Toiek died in Vienna, September 19, 1938, while on a vacation 
trip undertaken m the hope of finding relief fiom a caidiac condition He is 
survived by his wife, the foimer Minnie Volkenmg, and a son and a daughtei, 
as well as several grandchildren 

Because of his personality, his steiling character, his work and his con- 
tributions, Doctor Toiek will long be lemembeied and be an iiispiialion to 
those who follow after 

He was one of America’s great suigeons 

Carl Eggers 
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BOOK REVIEW 

OPERATIVE ORTI-IOPEDICS By Wjllis C Campulll, M D 1154 
pages with 845 illusti aliens C V Mosby Co , 1939 

Doctoi Campbell’s book is a notable contiibution to the Iiteratuie of the 
modem opeiative tieatment of oithoj)cdic conditions The authoi has classi- 
fied and deseiihed the commonl) cmplo}ed opei aliens The indications and 
technics aie given in full 

He has filled a long felt need foi a book to which the busy surgeon can 
lefei foi concise desciiptions of the Aaiious opeiatne technics wdiich can be 
applied to the condition with wdiich he is confionted 

The choice of the matci lal included in the hook is excellent although a 
numbei of opeiations wdiich ha\e pi oven to be rciy satisfaclon, in the hands 
of othei suigeons, ha^e been omitted 

The 38 ]iages de\oted to suigical appi caches make this book a necessity 
m the libiaiy of cveiy oithopedic suigeon 

Robert L Preston 
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THE INFLUENCE OF CERTAIN DRUGS AND ANESTHETICS 
UPON GASTRO-INTESTINAL TONE AND MOTILITY* 

J Dewey Bisgard, M D , and E K Johnson, M D 

Omaiiil, Ned 

FiioM TUF DFPvimij NTS OP snnaEnY and nnaioLOQi, usutnam of neudaskv college of medicine omaiia, ned 

PosTANESTHETic and postopeiativc disturbance of gastro-intestmal activ- 
ity manifests itself by nausea and vomiting, by distention fiom gastric and 
intestinal dilatation and by gas-pains With the exception of the immediate 
postoperative nausea and vomiting, the signs and symptoms of gastro-intes- 
tinal dysfunction are attributed by most pharmacologists and surgeons solely 
to factors unrelated to anesthesia, such as opei ative trauma to tissues, toxemia, 
“air swallowing,” and postoperative medication Disturbances resulting from 
such complications, as mechanical pyloric and intestinal obstruction and ileus 
associated with peritonitis, aie excluded fiom this discussion 

Unquestionably, suigical trauma is the principal causative factor of post- 
operative gastio-intestmal symptoms, but the results of the clinical and exper- 
imental studies which follow indicate that anesthetics play much more impor- 
tant roles than are generally atti ibuted to them These studies also show that 
some anesthetic agents are inhibitory and otheis aie pi edominantly motor 
stimulating to the gastro-intestmal tiact, and that those with inhibitory action 
are associated with disturbances of gastric and intestinal functions much more 
frequently and that the symptoms of such disturbances are, on the whole, more 
severe and of longer duration Also from the studies, there evolved some 
evidence that the differences in the effects of the two types of anesthetic agents 
upon the gastro-intestmal tract may be i elated to their respective influences 
upon the oxygen saturation of the blood 

As lecorded in Table I, an analytic study was made of 408 cases which had 
had celiotomies with uncomplicated convalescence s These cases were per- 

* Read before the American Surgical Association, Hot Springs, Va, May ii, 12, 13, 
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volume no GASTRO-INTESTINAL ACTIVITY 

Jsumber 5 

sonally obseived, eithei diiectly or indirectly, and specific lecoids of nausea 
and vomiting, distention and “gas-pains” maintained and accumulated for the 
purpose of this study 

The tabulated results show a ^er)^ impiessive difteience in the response of 
gastric and intestinal activity to the vaiious foims of anesthetics indicating 
the impoitant idle played by these agents Sixty-one per cent of cases opei- 
ated upon with avertm (6o to 90 mg per Kg of body weight) -cyclopi opane 
anesthesia never vomited following opeiation as compaied vith only 4 pei 
cent with ether, 45 per cent with nitious oxide and ether, 10 pei cent with 
nitrous oxide alone, 20 pei cent with cyclopi opane alone and 32 per cent with 
spinal Similarly, vomiting peisisted longei than 24 hours in only i 3 pei cent 
of cases anesthetized with avei tin-cyclopropane as compaied \Mth 10 per cent 
with ethei, 14 per cent with nitrous oxide-ethei, and 2 2 and 2 per cent with 
spinal and cyclopropane alone, respectively Thei e v as slight 01 no distention 
with avertm-cyclopropane in 50 pei cent of cases as compaied with only 27 
pel cent with ether, 30 per cent with nitious oxide alone or with ether, 40 per 
cent with spinal and 25 pei cent with cyclopi opane alone Distention was pei- 
sistent and tioublesome m no case which leceived aveitin-cyclopi opane, in only 
I per cent of cases given spinal anesthesia and in 3 pei cent given ethei alone 
or in combination with nitious oxide Persistent and tioublesome gas-pains 
occui red in only i 3 and 2 3 pei cent of cases given avei tin-cyclopi opane 
and spinal anesthesia, lespectively, as compared vith 10, 9, 8, and 3 pei cent 
in those given nitious oxide, nitious oxide-ether, cyclopi opane and ether, 
lespectively Thus it is apparent that the addition of avei tin gieatly 1 educed 
the symptoms of gastiic and intestinal dysfunction and that spinal anesthesia 
exeited only slightly less favorable influence than did avei tin-cyclopropane 
Theie aie, however, a few misleading facts Nausea and vomiting which 
occui red in the operating 100m and befoie the patients letuined to their lOoms 
was not recoided Consequently some cases ci edited as ne^er having vomited 
1 etched or vomited m the opeiating room Included aie a fev cases given 
spinal anesthesia, rvhich vomited duimg opeiation, and seveial given gas 
anesthesia, which vomited upon legammg consciousness in the operating lOom 
However, this included no cases which leceived C}clopi opane as a supplement 
to a basal anesthesia of avei tin and it is m this gioup that the least distuibance 
of gastiic and intestinal activity occuned 

Also misleading is the fact that there weie many children m the gioups 
vhich leceued ethei, nitrous oxide and combined nitrous oxide and ether 
Since childien vomit with less piovocation and moie persistently than adults, 
the figures in these gioups aie dispi oportionately unfa\orable Also, children, 
as a lule have less distention and gas-paiiis postopei atn ely, giving dispro- 
poitionatel} far 01 able figures 111 this respect m these same groups 

Aside from these minoi disci epancies, the cases in the rarious groups 
r\ ere relativel} comparable and received comparable operatn c trauma and pre- 
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atients vomiting more than two or three times and longer than ten hours placed routineI> on continuous gastric drainage (suction) 
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and postoperative care Since the differences in the late as well as early 
symptomatic manifestations of dysfunction w’ere so great, it w ould appear that 
anesthesia exerted a prolonged as w'ell as transitor} influence upon the gaslio- 
intestmal tract 

Expenmenfal Data — Direct observations of gastiic and intestinal inotoi 
activity were made during, and for varying peiiods following, anesthesia in 
both humans and dogs 

Activity of the stomach and bow'el was recorded upon continuous kymo- 
graphic records which registered pressure changes upon inflated balloons 
fastened to the ends of indwelling Levine tubes In the human subjects, the 
tubes (double Miller-Abbott) w^ere sw'allow'ed and w^ere letained either in 
the stomach or permitted to pass into the small bow^el The location of the 
tubes was determined radiographically 

In the dogs, the tubes with their balloons w^ere passed into permanent 
fistulae of the stomach, small intestine and colon The stomach Avas entered 
through a long tube fashioned from its greater cuivature (Pavlov pouch), 
the large bowel through an appendicostomy and the small bowel through an 
ileostomy leading into a Thery-Vella type of isolated loop of ileum Recoids 
W'^ere made during (i) a preanesthetic contiol period, (2) induction of anes- 
thesia, (3) full surgical anesthesia, (4) a recovery period of one hour or 
more, and (5) vaiying postanesthetic intervals, some extending over periods 
of three days 

Since the muscular activity of the gastro-intestinal tract noiinally \aries 
greatly from day to day and fiom minute to minute, the changes in tone and 
peristaltic activity which take place during a period of experimental obsei va- 
tion can be interpreted as responses to experimental factors only if they are 
constantly repeated undei the same circumstances 

Studied Avere the actions of a fcAv i epresentatiA^e drugs used 111 the pre- 
and postoperative care of patients and a fcAv representative anesthetic agents 
The results are summarized undei their respectiA'^e headings 

I Motor Effects 

(i) Morphine — 16 mg subcutaneously (ChaiL I) 

(a) Man The action of morphine upon both the stomach and small 
bowel AAas constantly motor m three observations In each auscus there AAas 
a marked increase of tone, m the stomach an increase 111 the frequency and 
amplitude of peristaltic contractions and m the small boAvel a diminution of 
amplitude The effect became apparent in approxunatel) five minutes and 
after 30 minutes slowly regressed to assume relatnely normal tone and 
activit}^ AA ithin an hour after administration 

(b) Dog In tAAO dogs, obserAations of the stomach, ilcum and colon 
were made simultaneous!}’ Both animals Aomited AAithin fiAC minutes, the 
retching being immediately preceded b} an increase in gastric tone and mus- 
cular actiAit} The tone remained increased for Iaao hours Gastric con- 
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ti actions weie gieatly diminished in both fiequency and amplitude for ap- 
proximately two houis and were still somewhat diminished six hours after 
administration of the drug Both small bowel and colon showed the same 
effects, namely, inci eased tone and diminished muscular activity, but in both 
theie was an earhei letuin to noimal, the ileum in thiee houis and the colon 
in two hours 



Chart i — (A) Action of morphine (i6 mg) upon a nornni fasting human stomach 
Note progrtssne increase of tone and of freqnenc' and amplitude of contractions (B) 

After inducing hunger contractions hj administration of dilute hjdrochloric acid to a fast 
ing human stomach atropine (o 65 mg ) caused relaxation and inhibition Following 
administration of morphine (16 mg), the effect of atropine was counteracted and normal 
tone and contractions reestablished (C) Simultaneous records of stomach ileum and colon 
of dog showing normal tracings before morphine (16 mg ) was gi\en subcutaneousl>, exag 
gerated excursions accompanjing vomiting following its administration, and then the 
progressiac increase in tone with diminution of frequency and amplitude of contractions 
Observations three and six hours later show normal tone but still diminished contractions 

(2) Pitressin — ten minims to i cc subcutaneously (Chart 2) 

(a) Man In three subjects, pitressin caused a great increase in both 
frequency and amplitude of the peristaltic contractions of the stomach but no 
change m tone After a brief preliminary lessening of tone and activity both 
tone and peristalsis were greatly increased in the ileum and the amplitude of 
the rhythmic contractions was diminished The effect lasted not longer than 
20 minutes 

(b) Dog The stomach was uninfluenced and the small bowel showed an 
increase of tone only In the laige bowel both tone and peristalsis were defi- 
nitely increased As in man the effect was of short duration 

(3) Dilute hydrochloric acid — 20 minims orally (Chart 2) 

(a) Man In three of four patients dilute hydrochloric acid excited the 
fasting stomach to increased activity, both in respect to fiequency and ampli- 
tude of peristaltic contractions 


806 



^ olume 110 
>uml)cr 5 


GASTRO-INTESTINAL ACTIVITY 


II Inhibitoiy Effects 

(i) Ati opine — Charts 3 and 5 

(a) Man — 065 mg subcutaneously In both stomach and small bowel 
there was a marked diminution of tone and of the fiequency and amplitude 
of contractions for approximately an hour and one-half For 30 minutes 
peristalsis was entirely abolished in the ileum 
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Chart 2 — (A) Action of hjdrochlonc acid upon normal fisting human stonnch 
Note reduction of tone with contractions increased in frequency ind greitlj incrciscd in 
implitude (B) Pitressin (i cc ) caused m the normal human ileum a preliminarj re 
duction of tone and actiMtj followed bj greatly increased tone and peristaltic actnity, 
particularly amplitude In the stomach there was no change in tone hut increase in the 
amplitude of contractions (C) Fifteen units of insulin caused the normal fasting 
stomach to show contractions increased both in frequency and amplitude (D) Action 
of pitressin (10 minims) in the dog caused a slight increase of tone and of frequency 
of rliy thmic contractions of the ileum and a large increase in tone and peristaltic actn ity 
in the colon 


(b) Dog — 065 mg subcutaneousl}^ In thiee animals, atropine produced 
no appieciable effect upon the tone and activity of the stomach and small 
bowel The colon became lelaxed and the activity diminished but not abol- 
ished The effect lasted for appioximately one hour 
(2) Nitioglycerine — 065 mg (Chart 3) 

(a) Man Observations earned out in two subjects showed that nitio- 
gljceiine dissolved under the tongue had transitory inhibitory actions upon 
both the stomach and ileum The tone was gieatly diminished and the pci- 
istaltic activity lessened m both frequency and amplitude, but not abolished 
The effect lasted appioximately 20 minutes In two of the jiatients, hunger 
contractions had been induced befoie the administialion of nilrog]\ccnne In 
dilute hjdrochlonc acid 

(b) Dog— 043 mg 
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As obseived m one dog, the action of nitroglycerine upon the stomach, 
ileum, and colon was identical to that observed in man as described above 
(3) Seconal — 195 mg (Chart 3) 

(b) Dog In two animals, this drug had no definite effect upon the 
stomach but was maikedly inhibitoiy to the ileum and colon Tone in both 
portions of the gut was markedly reduced and muscular activity of the large 
bowel was almost entirely abolished Although the ileum continued to con- 
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Chart 3 — (A) Action of ntropine (o 65 mg ) upon the fasting human stomach 
Note relaxation and some reduction in amplitude of contractions (B) Action of nitro- 
glycerine (o 6s mg ) upon the human fasting stomach and ileum Note reduction of 
both tone and amplitude of contractions (C) Ciipal (09 Gm ) intravenouslj Note 
relaxation and total inhibition of the stomach during anesthesia and prompt return of 
tone and actiiitj upon regain of consciousness (D) Action of seconal and of eiipal 
upon the stomach, ileum and colon of the dog Note inhibitory actions with both drugs 
hut prompt restoration of normal tone and motilit> m ith return of consciousness after 
evipal, but continued inhibition two hours after administration of seconal 

tract With normal frequenc}'^, thei e was great reduction of amplitude The in- 
hibition persisted throughout the period of obseivation, three hours 

(4) Evipal intravenously (Chart 3) 

(a) Man — 09 Gm 

In two subjects, the stomach developed an immediate reduction of tone 
and, with complete loss of consciousness, total abolition of motor activity 
Normal tone and activity returned promptly as complete consciousness was 
regained (after approximately 30 minutes) 

(b) Dog — 08 Gm 

In two dogs, there developed, immediately with loss of consciousness, a 
marked reduction of tone m the stomach, ileum and colon Muscular activity 
of the stomach and colon was entirely abolished In the ileum rhythmic con- 
tractions continued with diminished amplitude, but peristalsis was abolished 
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Immediately following the return of consciousness, both tone and nmsculai 
activity became noimal in all thiee segments of the gastio-intcstinal tract 
III Combined Efifects (Chaits i and 5) 

(i) Moiphine and Ati opine 

As has been demonstiated by IMagnus, Plant and iMillei, On and CaiKon 
and Veach, moiphme and atropine administeied togethei, in tbeiapcutic doses, 
counteract each other so that the motor effect of moiphme and the inhibitor 
effect of atropine upon the gasti o-intestmal tiact are countci acted, and 
relatively little effect results 

This fact was confirmed by the followung obseivations in one man and in 
two dogs 

(a) Man In a patient wdio w^as showing vigoious pciistaltic conti ac- 
tions of the stomach and ileum followung the adinnnstiation of dilute h}dio- 







Chart 4 — (A) Action of ether upon the stoimch of a min ind (B) upon tlie 
stomach, ileum and colon of the dop, is registered siniultincoush 'Note strong 111 
hibitorj and relaxing action during surgicil inesthcsii ind rcstorition of fiirh normal 
function in stomach and colon eight hours, ind of ileum 24 hours liter 

chloiic acid, ati opine (065 mg) caused piompt abolition of actnity and 
diminution of tone Morphine, 16 mg, was then given and caused a proinjil 
restoiation of normal tone and activity 

(b) Dog Following the 1 etching and vomiting after the administiation 
of 16 mg of morphine in two dogs, theie was a sharp rise in the tone of both 
ileum and colon and a slight increase m gastric lone In all three organs 
there was no change in frequenc} but a marked decrease m the amplitude of 
conti actions Atropine, 065 mg, gnen at the height of the morphine action 
caused the amplitude of conti actions of the stomach and ileum to mcrca'-t 
and that of the colon to decrease in one dog and had no effect in one In the 
latter the tone of the bowel was diminished and that of the stomach mcrca''ed 
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IV Anesthetic Agents 
(i) Ether (Chait 4) 

(a) Man The eflects of ethei anesthesia upon the stomach were ob- 
seived in two patients and upon the ileum in one In all three cases minoi 
opeiations remote to the abdomen were earned out, namely, manipulation 
of a fiactuie in one case and vaginal plastic lepaiis in two Duiing surgical 
anesthesia theie was a maiked 1 eduction of tone, and peristalsis was com- 
pletely abolished In the ileum, ihythmic contractions continued with diminu- 
tion in both fiequency and amplitude With return of consciousness the tone 
and activity became leestabhshed slowly At the end of 24 hours the coii- 
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Chart 5 — (A) Action of ether tipon the stoimch of t imri nnd (B) upon the 
stem leh ileum niul colon of the dog reRistertd ‘iimultnncoush In both instonces these 
Ind been ndniinistered prcinesthcsn niedieition of morphine (14 Rr ) ond ntropme (i/iso 
gi ) Note tint tins prcmcdicition lessened the inhibiting nctioii of ether 

tractions of the stomach were still smallei than normal The ileum, within 
one houi after i etui n of consciousness, had developed an abnormally increased 
degree of muscular activity 

(b) Dog Observations were made in two dogs With induction of 
anesthesia theie was an excitement stage chaiacterized by lapid irregular 
oscillations of gieat amplitude and an inciease in tone of both stomach and 
bowel This lesulted piesumably fiom “bi eath-holding,” vigorous conti ac- 
tions of the abdominal muscles and from the accompanying C}'^anosis With 
the onset of and during suigical anesthesia there was a marked reduction of 
tone and cessation of motor activity except m the ileum where both rhythmic 
and peristaltic conti actions weie retained but were lelatively feeble Both 
tone and motor activity weie slowly reestablished with retmn of conscious- 
ness The colon and ileum promptly developed abnormally increased tone 
which was still evident 24 hours aftei letuin of consciousness Twelve hours 
elapsed before the stomach had reestablished noimal activity completely 
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(2) Ether with Pieliminaiy Medication of Moiphiiic and Ati opine 
(Chait 5) 

(a) Man Piemedication, moiphine i6 mg , atiopine o 43 mg ]\ccouK 
were made of the stomach m t^^o patients, dm mg exploiation of a ictiopcii- 
toneal tumoi in one and dm mg appendicectomy m one Following tlie 11- 
legulaily mci eased tone and musciilai activity dining the excitement stage, 
the tone giadually lessened but thioughout lemained eleiated aboie the pic- 
anesthetic level Musculai activity w^as much diminished but never entiiel} 
abolished In comparison wnth ether anesthesia alone the piemedication les- 
sened the inhibitor3r effect of ether 

(b) Dog Premedication, morphine 16 mg, ati opine 043 mg Ob- 
servations w^ei e made in tw^o dogs The effect of ethei anesthesia as obsei i ed 
m the previous expeiimeiits became definitel} alteied by piemedication, that 
IS, in respect to its effect upon stomach and ileum These oigans show'ed no 
loss of tone and continued to contiact feebl}^ The colon, howevei, lelaxcd 
and ceased to contiact as it did undei the influence of ethei alone In both 
stomach and bowel premedication definitely dela3'ed the letuin of noimal 
activity 

(3) Nitrous Oxide and Ox3rgeii (Chart 6) 

(a) Man The effects of nitious oxide-oxygen anesthesia upon the 
stomach weie studied m tw^o cases There occuiied immediately and thiough- 
out the period of anesthesia gieatly and veiy iiiegulaily increased conti ac- 
tions They w^eie inci eased both in lespect to frequency and amplitude Tone 
w'as model ately inci eased Immediately upon discontinuing the anesthesia 
there follow^ed complete inhibition of motor activity and this peisisted foi ap- 
pioximately one hour Gastiic tone, how'ever, lemamed slightly elevated 
Motor function w^as reestablished slowty and w^as still subnoimal thiee houis 
aftei anesthesia had been discontinued 

(b) Dog Recoids w^eie made of tw'o dogs The stomach, ileum and 
colon reacted during anesthesia piecisel3'- as did the stomach of man as dc- 
sciibed above How'ever, aftei the administiation of nitrous oxide had been 
stopped, the stomach continued to contiact iapidl3^ and violentl3^ and this 
was concomitant wuth 1 etching Activity in the ileum and colon w’as almost 
completely abolished and the tone diminished for 30 minutes Noimal func- 
tion was reestablished 111 the stomach and ileum m one hour and m the colon 
in approximatel3'- tw’o houis A record made eight hours after anesthc^'ia 
show'ed increased activit3 in all three 01 gans 

The above inteipretations of the lecords of nitrous oxide anesthesia in 
both man and dog aie misleading Undoubtedl3' the changes interpreted as 
mci eased tone and activit3’' repiescnted the pressuie factors exerted upon the 
stomach and bowel by the r]gidit3 of the abdominal muscles and 113 deej) 
bi eathmg 

(4) Nitrous Oxide-Ox3gen and Ether (Chart 6) 

(b) Dog In two dogs, tliese combined anesthetic agents produced a 
curious effect The stomach responded precisel3 as it did to nitrous oxide- 
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oxygen alone in the piececling expeiinient During anesthesia there was m- 
ci eased tone and motoi activity, followed, aftei the return of consciousness, 
by decreased tone and almost total inhibition 'which lasted longer than two 
houis The ileum and colon leacted piccisely as they did to ether anesthesia 
alone m a preceding expeiiment Tone was greatly reduced and muscular 
activity almost completely abolished dunng anesthesia but promptly became 
reestablished and assumed slightly cxaggeiated activity after consciousness 
was legamed 



Chart 6 — (A) During nitrous onkIc nnesUicsn the stomneh of t imn snd (B) the 
stomach ileum and colon of the dog show t primirj incrcare of tone SMtli irregular 
excursions which probihlj result from trinsmiSMon of riind deep respiratorj excursions 
and the muscular rigidit> associated with cjanosis (C) Combined nitrous oxide and 
ether anesthesia in a dog showing inhibitorj influence of ether upon the ileum and 
colon and the niotoi iiiflutnce of nitrous oxide upon the stomach during anesthesia and 
its inhibitorj influence upon this \iscus after anesthesia was discontinued and con 
sciousness was regained 

Note almost total inhibition in all or.,ans following withdrawal of nitrous oxide and 
reco\er> from anesthesia and that the inhibition lasted for approximate^ one hour, and 
tone and motor activity were normal at eight hours 

(5) Spmal-Novocam No premedication (Chart 7) 

(a) Man Novocain, 150 mg with ephednne subcutaneously Observa- 
tions of the ileum and stomach were made in two patients while undergoing 
simple appendicectomies 

The stomach showed a slight reduction of tone and greatly diminished 
muscular activity dunng anesthesia With return of sensation there developed 
normal tone and motor hypei activity Contractions were exaggerated both in 
frequency and amplitude This state of hyperactivity persisted for at least 72 
hours after operation as shown by recordings at 24, 48, and 72 hours 

The ileum developed increased tone with a slight reduction of all motor 
activity during anesthesia The tone receded with return of sensation an 
remained relatively noimal Rhythmic contractions showed increased amp 1 
tude, and peristalsis a diminution of both frequency and amplitude 

812 



Yoiumeiio GASTRO-INTESTIN AL ACTIVITY 

3S umber 5 

(b) Dog Novocain, lOO mg 

The influence of spinal anesthesia upon the stomach, ilcum and colon was 
observed in two dogs The effect upon the stomach Avas slight!}^ inhibiton 
Both tone and motor activity were slightly diminished The action upon the 
bowel w^as motor In the ileum of both dogs and the colon of one the tone 
and motor activity were increased The colon of the other dog showed little 
or no change 

In all three portions of the gastro-intestmal tract the tone and motoi 
activity promptly reverted to normal as anesthesia dissipated, and foi thicc 
houis postanesthesia there was no appreciable change 
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Chart 7 — (A) Tracing of changes within the stonnch of a nnn iindLigomt, a]) 
pendicectomj under spinal anesthesia which reached to the level of the si\tli dorsal 
spinal segment Note a reduction of amplitude of contractions but no cliaiigt in tone 
during anesthesia, and an increase in frequenc> and amplitude of contrictions mime 
diately following dissipation of anesthesia and at observations made 24, 48, and 72 hours 
later (B) Spinal anesthesia in a dog with level of anesthesia up to the fifth dorsal 
segment Note increase in tone and muscular activ itv of both stomach and ileum anti 
no change in the colon, also restoration of normal tone and peristaltic activ itv with 
elimination of anesthesia and continued normal function at observations one ind two 
hours later 


(6) Cyclopropane (Chart 8) 

(a) Man Records of the influence of cyclopiopane upon the stom.ich 
were obtained m four patients, one aftei premedication of moiphinc and 
atropine Two were given anesthesia without operation solely for purposes 
of this study In one case, a biops)'^ of a ceivical tumor was perfoimed anrl 
in one a fiactured foreaim was manipulated In all cases thcie was an in- 
crease in tone and in rhythmic contractions but inhibition of peristalsis during 
the stage of surgical anesthesia Immediately upon return of con«clou‘^ne'-s 
there was a diminution of tone to a subnormal Ie\el and a return of luirm.il 

motor actiMty wdiich continued during obser\ation periods as long as threi 
hours 

(b) Dog Obser\ations in two dogs showed increased tone and actuite 
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Cn\RT 8 — (A) Action of cjclopropnne anesthesn upon the humin stonnch first 
cjclopropme nlonc nnd sccondl> cjclopropnnc following premcdicntion of morphine and 
atropine Note tint gastric tone was increased with some inhibition of contractions and 
that the prcmedicatioii caused c)cIopropanc to base less stimulating effect (B) In the 
dog, oclopropane increased both tone and motor actiMtj of the stomach increased lone 
of the ileum and was temporarilj iiihihilor> to the colon Upon a return of conscious 
ness normal actiMt> and tone were imniediatel> reestablished 
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and consciousness was regained 
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in the stomach, increased tone and diminished activit}’ m the ileum and de- 
creased tone and activity in the colon dining surgical anesthesia Imme- 
diately after anesthesia was stopped the colon reestablished and ictained duiing 
an observation period of six hours normal tone and actuity Aside fioni hiiel 
peiiods of abnoimal activity immediately upon legaining eonsciousness. the 
stomach and ileum did hkew ise 

(7) Cyclopropane Supplemental y to a Basal Anesthesia of Aieilm 
(Chart 9) 

(a) Man Satisfactory gastiic readings Mere obtained m onl} one patient 
In this patient a Schede’s thoi acoplasty foi empjema ivas ])eifoimed 
Promptly following the lectal administration of aveitin (8o mg ])ei kg of 
body weight) theie developed some diminution of motor actnity With the 
addition of cyclopi opane, gastric tone and actnity were tempoiaiily inci eased, 
but ivith the establishment of complete surgical anesthesia the tone and actnit\ 
became relatively normal Obseivations made six, 24, and 48 houis aftii 
lecovery fiom anesthesia showed a model ate degree of hypci activit) 

(b) Dog Two dogs iveie given 06 cc of aveitin lectally and iccoids 
made of the stomach, ileum and colon No appreciable efiect was pi odueed 
As cyclopropane ivas supplemented theie was a biief excitement period with 
an increase in tone of all thiee segments and this was followed dunng suigital 
anesthesia by lelaxation and total abolition of motoi activity of the colon 
and by an increase m tone and motor activity of the stomach and ileum All 
three segments promptly leestabhshed normal tone and activity with ictiiin of 
consciousness 

(8) Avertin, 100 mg per Kg of body w'eight (Chait 10) 

(b) Dog Twm dogs were given aveitin, 06 cc pei rectum, and ob- 
served foi a period of four lioui s Except foi a slight deci ease in tone of the 
lieum and colon duiing the period of light anesthesia, and subsequent!), a 
moderate increase in motor activity of the stomach and ileum, no definite 
effect w’as produced 

V Oxygen and Caibon Dioxide Saturation (Chart 10) 

(1) Oxygen In tw’o dogs the inhalation of pure oxygen caused an in- 
cicase in tone and an increase m the frequency of conti actions of the stomach, 
ileum and colon but a decrease in amplitude of the contractions Normaht) 
was promptly reestablished when administration of ox)gen was discontinued 

(2) Carbon Dioxide 

After a biief rccoxei) period from oxigen administration, carbon dioxide 
was administeied to the same animals In both stomach and bowel there 
de\ eloped a reduction of tone and inegularly inci cased motor actnity rdiffi- 
cult to cialuate from effect resulting from rapid, deep breathing) Immediateh 
after reinoial of the mask, theie was a further loss of tone in all ‘-egment^ 
and almost complete inhibition of motor actniti of the ileum and eokni for 
approximalel) one hour The purpose and 'significance of this group of 
studies are dealt w ith in the discussion 
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Discussion — The chugs which weie stuciied aie representative of those 
commonly employed in the immediate pie- and postoperative care of patients 
It has been shown that they have pionounced cflfects upon the tone and nnis- 
culai activity of the gastio-mtestinal tract The effects of any one of them 
weie eithei piedommantly motoi oi inhibitoiy Howevei, seconal (represen- 
tative of baibituiates) in thciapeutic doses had mixed actions It was motor 
to the stomach and inhibitory to the intestine Also the degree with which 
the chugs which were studied influenced the tone and activity of the various 



Chart io — (A) SimultTncous tncings of the influence of nicrtin upon the stomach 
small intestine and colon of a dog Note a slight motor effect upon the stomach and a 
slight inhibitory effect upon the colon and hjperactnity of all three organs one and 
three hours later (B) Simultaneous tracings of the influence of ox>gen and 
dioMde upon the stomach, ileum and colon of a dog In all three organs ox>gen had a 
motor effect and carbon dioxide an inhibitory effect, the latter became more apparent 
after inhalations of carbon dioxide were discontinued The inhibitory effect lasted for 
approximately one hour 

portions of the gasti o-mtestmal tiact vaiiecl As a lule the colon showed the 
most profound influence and the ileum the least 

In geneial, these expeiimental results aie simply confirmatory of those 
piCviously leported by Schapno, On, Plant and Miller, Giuber, and Robin- 
son, Veach, Olmstedt, and Beans 

As in the case of the diugs discussed above, the anesthetic agents which 
were studied weie either piedommantly motor oi inhibitory in their effects 
upon the gastro-intestinal tiact If tone, with or without increased activity, 
IS used as a criterion of action, aveitin, cyclopropane and spinal (novocain) 
anesthetics were provocative of inotoi responses Ethei, nitrous oxide and 
evipal caused lelaxation of the gastro-mtestmal tiact with paitial or complete 
abolition of contraction Their actions, theiefore, were unmistakably inhibi 
tory The true inhibitory effect of nitrous oxide became apparent on y a ter 
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the anesthesia become sufficiently deep to cause some lelaxation oi aftei it 
was discontinued The rigidity of the abdominal muscles, the deep bieathmg 
and the cyanosis which this anesthetic pioduced caused the illusion of an in- 
crease m tone and activity 

The premedication of morphine and ati opine lessened the dcpiessing eflect 
of these inhibitoiy anesthetic agents 

Thus, if the reader will refei to the analysis of the clinical cases tabulated 
m Table I, it becomes apparent that the S3nnptoins of distuibed gastio-m- 
testinal function occurred with much gi eater fiequenc}' and seACiity m tlic 
gioup of cases which weie anesthetized Avith the depiessing and inhibiting 
types of anesthetic agents, namel}^ ethei and nitious oxide, alone oi m 
combination 

The studies of the gasti o-intestinal tone and activity m both man and dog 
showed also that the postanesthetic reestablishment of noimal tone and actn- 
ity occuried more slowly in the group given mhibitoiy anesthetics A peiiod 
of hyperactivity developed eventually, following all anesthetics 

Curtis and his associates have shown that fiom 24 to 72 houis following 
anesthesia and celiotomy, gasti ic hypei motility develops and persists fiom 
tivo to three w^eeks During the fiist week, the periods of inci eased motility 
were associated with epigastiic distiess, inteipieted by the patients as gas- 
pams, and subsequently associated with sensations interpreted as hiingei 

Why should diugs wdnch produce anesthesia have w’ldely diffcient ell eels 
upon the motor activity of the gasti o-intestinal tiact^ There is appaientl\ 
no 1 elation of such effects to their actions upon the central neivous system 
Miller has shown that the effects of ether, chloroform, nitrous oxide and 
ethylene upon a loop of small bo\veI aftei deiieivalion wcic essentially the 
same as they weie wdnle its nerve supply was intact 

In certain nonabdominal nonsurgical diseases there occui nausea and 
vomiting, distention and occasionally gas-pains These diseases are asso- 
ciated with toxemia, such as occui s in pneumonia or with abnormalit}' of 
eithei fluid 01 oxygen balance, such as occurs with general tissue h}dration 
m ceitain cases of nephritis and with cyanosis in congenital heart disease 

With the suggestion from Di Roy McClure that tissue anoxia might be 
a factor of inhibitory influence to the musculature of the stomach and bowel 
studies wnth oxygen and carbon dioxide saturation were earned out In each 
instance the inhalation of pure ox}gen caused m dogs an increase m ga^^tro- 
intestinal tone, and the inhalation of puic carbon dioxide cau‘'ed icvscning of 
tone and, m the bowel, almost comiilctc mbibition of motoi actnilv for a 
peiiod of appi oximatel) one hour 

COXCLLSIOXS 

(1) Drugs commonly emplo\ed m the pre- and postoperatne care of 
patients ha\e cither strong motor 01 strong inhibitor} influences upon the 
tone and peristaltic acti\it} of the gastro-mtcstinal tract 

(2) Anesthetic agents are in part responsible for some of the late as 
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well as the immediate postopeiative symptoms of nausea and vomiting, dis- 
tention and gas-pains 

(3) The difteient types of anesthetics vaiy greatly 111 respect to the fre- 
cpiency, the dcgiee and the dination of associated symptoms of disturbed gas- 
tiic and intestinal function Likewise, anesthetics vary gieatly in their respec- 
tive actions upon the gastio-intcstinal tiact C3 clopropane-a vei tin, spinal and 
cyclopiopanc (alone) haA e pi edominantly st imulating 01 motor actions Ether 
and nitious oxide, eithei alone 01 in combination, ha\c depiessing or inhibiting 
effe cts upon gasti ic and intestinal tone and peristalsis There is a close cor- 
1 elation between the degiee with \\hich gastiic and mtestmal motor activity 
IS diveited fiom noimal towaid inhibition dining anesthesia and the frequency, 
duration and seventy of postopeiative symptoms of gastro-intestinal dys- 
function 

(4) It is suggested that the innucnce an individual anesthetic has upon 
the gastro-mtestmal tiact may be dependent upon its influence upon the rela- 
tive quantit} of oxygen in the hlood 01 tissues during anesthesia When in- 
haled, oxygen stimulates and caibon dioxide inhibits gastro-mtestmal motor 
activity 
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Discussion — Dr George M Curtis (Columbus, Ohio) During the 
past five yeais a gioup of us, and paiticulaily Louis Barron, Hany Veach, anci 
Frank Hamilton, have become inteiested in this problem of gastro-mtestmal 
tone and motoi activity Moicovei, with the coopeiation of a number of 
willing patients, we have detei mined the motility of the human stomach under 
a variety of clinical conditions, both pre- and postoperatively, as well as m 
certain instances under the influence of spinal anesthesia We have observed 
the aftei -effects of opeiative measures under geneial anesthesia, although no 
studies have been made duiing such pioceduies 

As a consequence, we aie gieatty interested in this presentation, and par- 
ticularly 111 Doctoi Bisgaid’s excellent experimental work, m which he has 
demonstrated the simultaneous activity of the stomach, small and large in- 
testines , also the effects of cei tain di ugs as well as anesthetic agents 

Patients as a lule aie not paiticulaily aveise to this procedure, and, or- 
dinarily, coopeiate well when it is explained to them In fact, they o en 
become inteiested in the giaph as it develops on the kymograph Moreover, 
the pi ocess of swallowing the balloon, which is deflated and enc , J*” 
capsule, and the subsequent intubation have their counterparts in e 0 y 
use of suction diamage and fi actional gastric analysis 
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Since the details of oui extensive studies are largely a matter of record, I 
will allude but bi lefly to cei lain of our findings 

Figiiie I shows the appaiatus which was used in making these studies 
It IS essentiall}' that winch Cailson used m his extensive investigations We 
have added, howevei, one impoilant featuie In our original studies we used 
the usual smoked di um, and found that the bed linen, the white interns’ suits, 
and the muses’ unifoims weie sometimes smudged by the soot Consequently, 
I asked one of my lesidents if he would devise an ink-wntei foi the white 
papei He was unable to do so Later, howevei , there came to us, as one of 
oui lesidents, a student fiom Starling’s laboratory Within a week, he had 
devised a simple ink-vriter, which we now' use and w'hich makes the woik in 
the liospital much easiei 



■ ■ ■ - * ■ ‘ — I. ... > . « I. 


Tig 3 — Tile uiliilntory cfTcct of nlropnic (o 6 nig intrivenoii'lj) upon the motor ictiMty 
of the hunnn stonnch is sliown it (i) The rcitrsil of this (.(Tect to motilitj h) morphine (is 
mg intrn\enonsl}) is shown it ( 2 ) itid h> (A) At (IJ) is shown the resultant motility ifter 
98 minutes from (2) (Jour Pliirm ami Exper Tlitrip , 61, 230, 1937) 


Figuie 2 IS a i oentgenogi am show’ing the position of the balloon in the 
stomach In that w'ay it can be conli oiled and the tube length kept constant 
Figuie 3 piesents a graph showing the reversal of the morphine motoi 
effect, as was brought out b)' Doctor Bisgaid Morpbme was first given with 
an ensuing inci eased motility, follow'ed by ati opine given at this point wnth a 
subsequent inhibition 

Fiom an extensive expeiiencc with this piocedure w'e would conclude that 
it IS leadily applicable in the hospital and that it has definite clinical A'alue in 
recognizing distuibances of gasti o-mtestinal motility and their control 


Dr Alfred Brow'N (Omaha, Neb ) This excellent demonstration by 
Doctor Bisgaid detei mines tw'o points Fust, gastric investigation began 
with the classic experiments of Beaumont made upon Alexis St Martin This 
was a case of surgical trauma and m all subsequent expeiiments there has 
been an element of doubt as to whether the lesults were accuiate because of 
the tiauma inflicted upon the intestine duiing the experiment wdneh required 
the introduction of an insti ument tin ough a wound in the gut Consequently 
there remained the question whether, after injury, the intestinal tract legained 
sufficient noimahty to make the readings accurate The method of the in- 
dwelling balloon obviates the necessity foi surgical trauma and w'e can con- 
clude that the results by this method are accuiate, because the similarity 
between the results on man, as shown by Doctoi Bisgard, upon whom no 
intestinal suigery was pei formed, and the results in dogs, in whcmi the various 
types of intestinal pouches were made, seems to go far toward demonstrating 
that following surgery upon the intestine, the tiact tends to restore itseli o 


Second, these experiments demonstrate the reasons for postoperative in- 
testinal distention in the ether-nitrous oxide group and the lessened amor 
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of similar distention folloiMng the administiation of cyclopropane or sjiinal 
anesthesia, which has long been lecognized clmicalh The cthei-nitioiis oxide 
group paralyzes the intestinal muscles As sjunpathetic nene contiol leiuin'' 
theie is a resultant mcooidmated action of intestinal musculatine This gi\es 
use to irregular spasm and abnoimal peiistalsis causing the so-called gas- 
pains Cyclopiopane and spinal anesthesia act appaienth on the s}mpathetic 
nervous system and theie is at no time a paralysis of intestinal musculatine 
Consequently, postoperative return of normal peiistalsis is hi ought about b\ 
a hai monization between the sympathetic and parasympathetic nei \ ous s) stems 
which had temporal ily been distuibed duiing the period of anesthesia 

The same effect is noted in paiaveitebial anesthesia, m y\hich the sym- 
pathetic fibeis connecting the ganglia with the somatic nenes aie paialyzed 
Doctoi Bisgard showed a slide of a thyrotoxic patient in whom the admmistia- 
tion of hydrochloiic acid and pepsin changed an almost tonic conti action of 
stomach ivall to noimal ihythinic contraction This same lesult has been 
noted in my cases of hyperthyioidism yvhich have been gnen hydiochloric acid 
and pepsin during then preparation foi opeiation In 1930, 1 called attention 
to the diminution 01 absence of fiee Itydiochloiic acid m hjperthyioidism 
Since that time this observation that diminished 01 absent fiee hydiochloiic 
acid IS a constant finding in hypeithyioidisin has been determined in many 
other cases The tonic conti action of the stomach hi ought about by slimul.i- 
tion of the sympathetic system by the hypeith}ioidism accompanied by the 
lack of fiee hydiochloric acid, explains the inci eased appetite and accomiiaii)- 
ing loss of weight in these cases 

In some of my cases, stomach readings have also been made at the time of 
operation No hydrochloric acid-pepsm yvas given pi eopei atively The con- 
tractions of the stomach at the beginning of the operation weie almost tonic, 
as shown 111 Doctoi Bisgaid’s chait With the administiation of parai ertelii al 
anesthesia, in yvhich the superioi ceivical sympathetic ganglion and nerves aic 
tempoiarily paialyzed, gastric conti actions changed fiom the tonic type to a 
noimal peristaltic yvave a few minutes after the anesthetic took eflect and 
continued foi the duiation of the anesthesia 

These lesults laised the question as to whcthci the influence of anesthesia 
upon the sympathetic system does not also have a beai mg upon postancsthetic 
intestinal physiology in addition to the anoxemia wdiicli Doctoi Bisg.ud has 
desci ibed 

Dr Roy D McClure (Detroit) Doctor Bisgard mentioned the studies 
which we are making at the Henry Foid Hospital concerning these drugs and 
then relation to anoxia He asks the question as to whethei our work might 
show that these drugs did pioduce an anoxia which helps to explain his ic- 
sults We have, foi quite a time, been w 01 king on the question of anoxemia, 
and Doctoi Hartman is reporting the icsults of that woik m this afternoon s 
session Unfoitunately, m anesthesia as practiced to-daj, we seldom h<i\e 
stiaight inhalation anesthetics, with ether nitrous oxide or ctlnlene gas In 
most patients, preoperatnc sedatne drugs aie gnen, and we ha\c siiown dif- 
initeK. that the amount of oxigen m the blood is diminished aftci man\ of 
these sedatnes as gnen in faiih large doses In some instances thcic arc due 
lesults, m other cases, results which are more or less imperceptible In our 
picsent methods of examination c do ha\e e\idenee to show that then aie 
\ai\nig grades of damage with resulting peimancnt changes m the euitr.-I 
ner\ous sestem due to anoxia, the grade of damage being dependent ugon tlv 
amount of sedatnes and anesthetics (See Anoxia A Source of Bos-dde 
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Complications in Surgical Analgesia and Anesthesia, by R D McClure, 
F W Hartman, J G Schnedoif, and V Schellmg Annals or Surgery", 
no, 835, Novembei, 1939) 

Dr Peter Heinbecker (St Louis) I would like to ask Doctor Bisgard 
bow many of these effects on the intestinal tiact does be consider to be local 
effects, and to what extent does be consider them to be the end-result of an 
effect on the cential neivous sj'stem^ I think that tbeie is little evidence to 
indicate that undei oidinaiy states of anesthesia the 1 espouses to direct stimu- 
lation of pel ipbei al or sympathetic nerve sti uctures are affected m a paralytic 
way Undei oidinary states of anesthesia direct stimulation of peripheral 
somatic and sympathetic nerve structures yields relatively normal responses 

Dr Leo Eloesser (San Fiancisco) I should like to supplement Doctor 
Pleinbeckei’s cjuestion by anothei I wonder whether Doctor Bisgard has 
made similar exj^ei iments undei anesthesia during operations on the extremi- 
ties^ The fact that most of his opeiations weie celiotomies has possibly added 
an additional complicating factor to the evaluation of the effect of drugs on 
the gasti o-mtestmal ti act If these studies were made upon patients with in- 
tact, 1101 mal abdomens, this complication might be eliminated 

Dr J Dewey Bisgard (closing) In answer to Doctor Heinbecker’s 
question. Plant and Millei, at the Univeisity of Iowa, made some observa- 
tions, similar to mine, of the effect of ethei, chloroform and nitrous oxide, 
aftei lemoving the neive supply to the isolated loop of small bowel, and they 
got the same 1 espouses with and uithout the nerve supply, so they felt that 
the action of these anesthetic agents was peripheral, and independent of the 
nervous system 

In answei to Doctoi Eloesser’s question, several of these patients, some of 
those that I showed you a few minutes ago, were minor operations such as 
biopsies 1 emote to the abdomen, and we got the same responses there 


822 



THE ASSAY OF GENERAL ANESTHETIC AGENTS^ 

Henry K Beecher, jSI D 

Boston', jNFvss 

rnoji Tirr smirtco, unoniTORifS OF Tur »vii\ \iin Mrnic\i scitooi Tin \f\smrin 'i rr-i c i vnut iio«<ut\i 

llOSTOS, MVS^ 

Proprietary anesthetic agents are appearing on tlie niaiket at an in- 
creasingly rapid late The advocacy of fiist one and then another of tliese 
changes so lapidly in vaiioiis institutions, a yaidstick of unchanging cntcna 
must be at hand if new agents aie to be eA’aluated accuiatel) and safeh If 
the good aie to be recognized and employed and the bad discaided, a nunihci 
of factois must be taken into account 

Pei haps the gieatest obstacle to success in estimating the incuts of anes- 
thetic agents is our ignoiance of the mechanism of anesthesia The anesthetist 
confionted by the anesthesia piocess stands m much the same position as 
the internist faced with a disease of unknown etiology — his tieatment must 
be symptomatic, empiiic The only basis we have foi e\aluatmg anesthetic 
agents is an empiiic one Such a method can be as logical, and successful, 
as the symptomatic tieatment of disease often is Just as piecision and suc- 
cess in the treatment of disease usually considciably mciease once the etiology 
IS known, so wnth anesthesia When the mechanism of the piocess is hcttei 
understood it wnll undoubtedl} be possible to evaluate agents with moie skill 
than we now^ can Until such piogiess has been made w’C must continue to 
depend upon empiiic findings foi otii estimations 

Ceitamly all anesthetic agents fail shoit of the ideal, though some of the 
individual qualities of each may be neaily what we could w’ish If the quaht\ 
of one’s evaluation is to be unchanging each agent must he jutted against the 
ideal, and the present discussion will be conceincd with the qualities of the 
ideal anesthetic agent 


PmsicAL \ND Chemical Qealities or the Ideal \nlsthliic \(.rM 


I Potency, Naicoftc Si)cngih The most foimidable enemy the anes- 
thetist must combat is anoxia, for as Haldane has put it, anoxi.i “not oni) 
stops the machine but wiecks the machmen ’’ With any agent it should he 
possible to use at least 15 pei cent oxegen That is to sa} the nmeotic 
<!tienqth of on anesthetic oqent should he gieat cnouqh so that the paitud 
piessuiej of it in the on hieathcd need not exceed about 6 fiO Mm Jig 

The partial pressuiec required for full •suigieal anesthesia under st\(ral 

* Read before the '\mcrican Surgical Association Hot Springs, \a, M'’j 11, 12 
J3 1030 


"The concentration of an agent ncces«ar\ to produce a gnen lt\tl o, anestlu ii hi 
inhalation nia\ be expressed in terms e»f prams of anestbetic per liter 01 mlr'b d i as nr'- 
ture I he anesthetie \apor or pas should not e\en lor detji antstliesn ofciipe mo-c th I'l 
iS> ptr cent oi the liter l-Npressing it another \\a\ it should no* e'lrt m >rt *i ‘i 
\ = 646 Mm Hg partial pressure 

t Hrv pas or \apor at a temperature e>f 37'' C and 7^>^i Mm He pre^s.^, 
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common anesthetic agents, and the oxygen peicentages permitted are detailed 
m Table I 


Tablc I 



Partial 



Pressure 

Oxygen 


(Mm Hg) 

Percentage 

Chloroform 

5 

99 3 

Ether 

25 

96 7 

Ethyl chloride 

35 

95 4 

Cyclopropane 

150 

80 0 

Ethylene 

680 

10 0 

Nitrous oxide 

975 



Above the line, none of the partial pressuies is too high, and an excess of 
oxygen is possible ^Ylth any of these agents 

II Solubility When equilibrium of a gas has been established between 
the alveolar air and the blood, the ratio of the quantiW dissolved in, say, one 
liter of blood to that m one liter of air is called the solubility coefficient of 
the gas The solubility of an anesthetic agent in the blood must be low enough 
so that a relatively high partial piessuie can be worked wnth (but not so 
high that the oxygen will be dangeiously low’), for zvith a high paifial pies- 
sitic and a low solubility, lapid induction and lapid iccovciy pom the anes- 
thesia aic possible If this test be applied to the common inhalation anes- 
thetic agents (Table II) 


Tablc II 

Partial 
Pressure 
37 ° C 

760 Mm 

Full Solubility 
Anesthesia Coefficient 


Chloroform 

5 

10 

Ether 

25 

14 

Ethyl chloride 

35 

2 5 

Cyclopropane 

150 

0 49 

Ethylene 

680 

0 74 

Nitrous oxide 

975 

0 47 


it IS evident that it is successful All those below’ the line have the chaiacter- 
istic of a rapid induction and a rapid lecoveiy peiiod, while those above are, 
by comparison, slow 

At normal atmospheric pressure it is not possible to obtain true, deep anesthesia with 
nitrous oxide, even if all oxygen is cut out In actual practice the patient may be de- 
pressed by means of preanesthetic medication, by basal anesthesia, and so on, to such 
an extent that the additive effect of nitrous oxide with 10 per cent oxygen will produce 
anesthesia adequate for the task at hand Even so, in occasional cases, this is not possible 
without accompanying anoxia and cyanosis Some bold individuals go so far as to use 
the effects of anoxia deliberately in their efforts to depress patients under nitrous oxide 
Such a practice is indefensible 
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III The Haaaid of Explosion One of the great needs of surgei} at the 
piesent time is an inhalation anesthetic agent that \m 11 neither hum nor ex- 
plode, so that it may be emplo}ed safeh m the presence of the caiiten Of 
the SIX agents wa have been considering m this discussion, two will neither 
burn 1101 explode nitious oxide and chloioform, and yet neithei of these is 
satisfactory, for example, foi thoiacic suigery nor for suigery in the mouth 
Here the oxygen supply is at a piemium When the aerating power of the 
body IS crippled, the oxygen percentage peimissible with nitious oxide is 
inadequate, even though only light anesthesia may be necessary In the case 
of chloroform, cardiac depi ession of too great a degree to be allow'able occui s, 
for these cases wull be under a severe circulator}'^ strain as a consequence of 
the operation, and the use of an anesthetic agent wdiich greatly cripples the 
heart is not sound This depiessant chaiactenstic makes the use of chloro- 
form hazardous even if one is wnllmg to ignore the possibilities of ventricular 
fibrillation, oi of late liver and kidney damage Aside from its w'cll known 
toxic effects, the use of chlorofoim is hardly desirable wdien the cauteiy must 
be used m the air-w'ay, for a combustion product of chloroform is phosgene, 
one of the deadliest of the w'ai gases It is highly toxic to the lungs and well 
knowm to produce pulmonary edema m even extremely great dilution 

While it IS often stated that the explosive nature of ether or cyclopropane 
01 ethylene wnth oxygen is of compaiable degree, data recently gathered tend 
to thrown doubt on this Possibly static electrical charges have a greater tend- 
ency to detonate ethylene-ox)fgen, or cyclopi opane-oxygen mixtures than is 
tiue for ether-oxygen How^evei that may be, the fact remains, xoilh the ideal 
agent, cvploswe miviuies zuiU not he foimed imth air oi oxygen 

Biologic Qualities or the Ideal Anesthetic Agent 

I A Conii ollabic Route of AdimmiUation il/nvt Be Avadablc At the 
present time, the most contiollable loute for the administration of general 
anesthetic agents is by inhalation A recent tiend makes the consideration of 
nonvolatile agents of importance Theie are tw^o mam routes of administration 
of nonvolatile agents foi general anesthesia — the \ems or the rectum Some 
agents, as aveitin, can be introduced onl) through the lectiim But m the case 
of the barbituiatcs, many can be mtioduccd directly into the blood stream T he 
recent recommendations of a half-dozen papers, that the barbiturates be in- 
troduced rectall}, laise the question of the rclatue controllabilit} of these two 
loutes of admmistiation 

Sc\eial points are pertinent to such a consideration' 

(1) Once an agent is placed in the icciuni it is luaily iinposnble to iccovci 
any after it begins to exert its noimal action or to gi\c toxic effects \\ hilc 
high colonic enemas mai be tiied, in an cndca\or to wash it out, the fact is, 
such action ma} sweep the offending agent higher m the bowel and allow 
c\cn more rapid absorption with greater toxic effects to follow 

(2) E\cn though a solution of gnen \olume ma\ be mjecttd into the r<c- 
tuin at a standard speed, it ik impossible to say to 7 eha( I eight will tiavcl "/ 
the boxed There arc a number of reasons for this There is no need to pnjnt 
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out to a gioup of suigeons how uncertain cleansing of the bowel may be as 
a result of routine enemas The height to which an anesthetic agent will rise 
on being placed in the lectum is determined in large pait by the fecal 
content of the bowel Other factors active m regulating height (and im- 
possible of accurate evaluation) aie tone of the bowel, peristalsis, and an- 
atomic anomalies Using a dilute baiium solution undei exactly the same 
conditions as aveitin is used, Sebening- found on loentgenogiaphic examina- 
tion that m two patients the entiie colon including the cecum was filled, in 
two the midascendmg colon vas i cached, while in foui the hepatic flexure was 
attained and m foui the midtransveise colon, m seven the splenic flexure and 
in one patient only the rectosigmoid junction was i cached 

(3) It is well known that the toxicity of the nonvolatile anesthetic agents 
depends to a gieat degiee upon then late of ahsoi ption With some of the 
agents, as with sodium barbital, while the blood level is rising as a result of 
absorption, it is countei balanced b}^ excietion through the kidney and a safe 
blood level may thus be maintained In othei cases, as with the fast acting 
barbiturate, evipal, a safe blood level depends in part upon livei destruction 
concomitant with absorption An abnormally rapid rise m the absorption 
rate, however, easily upsets the balance experience has taught is safe, and 
serious toxic effects follow 

(4) The following statement, then, seems to be a reasonable one If we 
cannot efficiently remove an agent once it is placed in the rectum, if we cannot 
control the height to which a solution injected into the bowel will rise, then 
It follows that we cannot contiol the late of absoi ption In other words, 
we cannot accurately control the toxicity of nonvolatile agents used rec- 
tally If an agent can be used mtiavenously theie is no reason to resoit to 
the 1 datively inaccurate and unsafe lectal route I wonder if the defenders 
of the rectal route of administration of the barbiturates are prepared to claim 
that there is any magic m the lonte of absorption The implication is in- 
escapable in some of the papers refeired to, that rectal administration pro- 
longs the action of the drug' The rate of administration can be piecisely 
controlled through intravenous diip methods, and if toxic signs appear, the 
administration can be immediately curtailed It seems evident that such a 
method is more desnable than one which cannot be piecisely controlled 

II Factoi of Safety, Toxicity The anesthesia process is by definition a 
reversible depression It is a reveisible appioach toward death This pos- 
sibility of accident ought always to be remote If any anesthetic agent allows 
irreveisible change to occur, allows death to come near without adequate 
wainmgs far m advance and befoie irreversible change has occurred, it cannot 
be considered satisfactory The well woin examples of ether and chloroform 
illustrate this With ether over-dosage, the lespiration fails and intake of 
the drug stops long before serious damage has occurred Under chloroform, 
subtle and irreversible changes of fatal degree may occur in the liver an 
kidneys with no warning to the anesthetist Or ventiicular fibrillation maj 
strike without warning It is not yet possible to say whether or not suci a 
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potentiality may gieatly cm tail the usefulness of cyclopi opane , there is, 
howevci, woinsome evidence that this may be the case To sum this up 
N^o sidc-ioxicity otiici than that inhocnf in the anesthesia piocess itself 
should be pie^ent, and easily detectable phenomena should wain of ap- 
pioaching dangei long hefoie the patient has sufifeied fiom the toxic efifects 
of the diug used 

III Adequacy of Phvsiologic Effect Suigeiy of piecision should be 
peimitted ^\lthout huiiy oi hmdiance In any such lecjuirement, effects that 
aie too AMdespiead may also lie a pioblem With inhalation anesthesia the 
^\asteful ciipplmg of main of the oigans of the body nhen anesthesia of only 
a limited legioii is desiied, is unpleasant to contemplate Obseivations of 
the last few yeais suggest that even inhalation anesthesia may increase in its 
specificity 

A gieat stumhlmg block to piogiess m knowledge of the anesthetic agents 
has been then multijile actions Theie is the geneial action producing loss 
of consciousness, and siiccific actions attacking one system but not another 
If we did not have pi oof that these dual effects could be turned to practical 
advantage, it would seem fanciful to suggest that such might be the case But 
it IS the case 

In the laboiatoi}, w'e have learned that chloralose jDioduces geneial anes- 
thesia but spates the carotid sinus mechanism, that ceitam of the baibiturates 
spaie the s}mpathctic neivous system Clinically, we know' that cyclopi opane 
disturbs few'ei oigans than ethei If this agent is found m time to meet the 
lequiiements of usefulness and geneial safety outlined above, it must be ac- 
cepted as a steji foiwaid Extiaoidmaiy is the clinical finding that suh-gQ.n- 
eial anesthesia doses of tiichloi ethylene wnll pioduce anesthesia of the fifth 
cranial neive A fuilhei icquiicment of the ideal anesthetic agent can be 
stated The nonnal activity of only a fezv oigain shall be nnpaned 

IV Elimination The ideal anesthetic agent will be one wdnch is either 
rapidly destioyed oi swnftly eliminated even m the piesence of grave organic 
disease One leason foi the supeiioiity of inhalation anesthetic agents ovei 
those of the nonvolatile gioup foi geneial anesthesia lies m the ease of con- 
trol of the volatile agents, and of most impoitance is the speed at wdnch they 
can be eliminated if toxic efifects appear Piogiess m developing nonvolatile 
compounds that aie lapidly eliminated thiough the kidneys or are lapidly 
destroyed by the liver, as in the case of the fast acting barbituiates evipal, 
pentothal, and otheis, laises the possibility that similai agents may be found, 
in time, to fulfill the lequiiement of conti ollabihty bettei than a gas or a 
vapor Such is not yet the case With the nonvolatile agents there is the 
further complicating factoi that individual susceptibility vanes widely This 
has been illustrated many times both for baibituiates and for avertin 

Statistical Requirements 

The inescapable test to which most innovations in medicine must be sub- 
jected IS whether or not they can lower the death late for a given procedure 
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Statisticians and their statistics are looked upon with considerable suspicion 
by the rest of the world Statistics are not a substitute for common sense 
On the other hand, some use of statistical methods is essential if common 
sense is to be pi eserved m the handling of data 

Anesthesia hteiature, perhaps moie than that of any other division of 
medicine, is shot thiough with claims wholly unsupported by available evi- 
dence No one can object if an individual wishes to report a few hundred 
anesthesias with no deaths In certain cases, such reports are desirable, as, 
for example, when a new anesthetic agent is being tried and no one man has 
had opportunity to acquire a really adequate personal series Strenuous ob- 
jections can be raised and should be, if such reports contain any attempt to 
draw conclusions as to the safety or death rate or to make comparison with 
other agents of a similar or lower death rate 

Whether we like it or not, the fact remains that if anesthetic agent A has 
a death rate of i looo cases we need data of the order of 10,000 cases with 
about ten* deaths before we can make any statements as to the death rate of 
that agent 

If the death rate of anesthetic agent B is i 10,000 cases we need the order 
of 100,000 cases with, again, about ten instances of death attributable to the 
agent, in order to make any statement as to the death rate of that agent 
It IS sometimes said that the death rate directly attributable to ether anes- 
thesia IS I 10,000 In order to prove that another agent is better than ether 
in this respect, we must have, then, not less than about 100,000 cases of the 
other agent, under compai able conditions, if we are to p) ove that the other 
agent excells or even equals ether as far as death late is concerned 

Stating the foregoing in general terms, we must deal with so many cases 
that the square root of the number of deaths is not greater than about one- 
third of the number of deaths f 

More attention to these points would cut down on the frequency with 
which institutions advocate a given anesthetic agent or a given procedure 
only to have abandoned that procedure or that agent by the time the report con- 
cerning It gets into print 


CONCLUSIONS 

New drugs for general anesthesia must be tested by constant criteria if 
they are to be compared with established agents The irreducible minimum 
of simple, arbitrary requirements of the ideal general anesthetic agent is 
described Important from the point of view of physical and chemical quali- 
ties are Potency or narcotic strength, solubility in air and blood, and ex- 
plosibility From the more strictly biologic aspect of the question, the ele- 
ments of importance are Controllability of the route of administration, 
side-effects and toxicity of action, adequacy of p hysiologic effects for the 

* It might be argued that six deaths are adequate , however, for a conservative esti 
mate ten are safer 

1 1 am indebted to Professor E B Wilson for advice here 
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task at hand, specificity of action, elimination Statistical i equii ements 
aie consideied in i elation to the mass of data necessary to peimit dogmatic 
statements to be made as to death rate and general safety The use of these 
cnteiia is ilhistiated by testing the common anesthetic agents 
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TRENDS IN INHALATION ANESTHESIA 
Wesley Bourne, M D 

Montreal, Canada 

The transcendent principle of reversibility in anesthetic action, 
wheiein peiception by the senses may be suspended and lestored, constitutes 
a boon to man, and since the universal adoption of inhalation anesthesia 
nearty lOO yeais ago, the scope of laboiatoiy investigation has increased and 
the aim of surgery in humane lescue extended 

It was not long, howevei, before the ill effects which anesthetics are capa- 
ble of producing became apparent, indeed, as eaily as January, 1849, 
Magdeburg, Dolhoft^ obseived delayed chlorofoim poisoning The ravages 
of this drug aie so well known that it might be numbeied among Eiasmus’ 
mvei sc Silem of Alcibiadcs Any time these hundred yeais, an impor- 
tant trend has been to disclose completely the influences of anesthetics on 
vital processes, and numeious data exist concerning the effect of anesthetics 
upon metabolism, as lepiesented by blood findings, liver changes and the 
composition of the urine The facts have been recounted elsewhere-’ ® and 
it IS not piactical, at this time, to do more than geneiahze discuisively 

With regal d to the effects of inhalation anesthesia on the blood, two of 
them have clinical significance, namely, concenti ation and acidosis Chloro- 
form and ether cause marked blood concentration, which is due chiefly to the 
migration of water from the blood to the tissues This blood concenti ation 
IS adequately lessened by the administration of watei or dilute solutions, and 
everybody knows how readily these are absorbed in pioportion to the depth 
and dm ation of the naicosis By analogy, it would seem that the degree of 
concentration is not nearly so gieat with the gases, nitrous oxide, ethylene 
and cyclopropane , at least thei e is nothing like the same avidity for fluids 
The tendency of late, theiefoie, is to employ the gases moie and moie and 
especially in the case of the dehydrated patient It may be mentioned, that 
from the falling-drop fundamental of Baibour and Hamilton,^ ® “the advent 
of a method by which blood and plasma specific giavity changes can be 
followed from minute to minute, with single drops, opens a field of applica- 
tion to very acute shifts m the water balance, such as occur, for instance, in 
anesthetic and operative shock One can also evaluate piocediires designed 
to combat these conditions, such as the admmisti ation of morphine or alkalis 
The method further peimits following the administration of fluids m vaiious 
acute toxemias While fluids ai e actually being given, the blood condition can 
serve as a guide to the therapeutic piocedure Anesthetic shock, as the tren 
of recent investigation shows, is closely bound up with acidosis and anb} 
dremia It is possible tha t in this instance the watei content of the blooc^ 

*Read before the American Surgical Association, Hot Springs, Va , May ii, 

13, 1939 
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of equal if not greatei impoitance than blood pressure” Determinations 
along these lines aie now being made at the Presbyteiian Hospital, New 
Yoik City,® and in Monti eal, by O’Shaughnessy and myself at St Mary’s 
Hospital It IS hoped soon to obtain some valuable infoimation 

It has been shown that the acidosis of anesthesia is a tiue acidosis, that is, 
the alkali i esei ve is lowei ed and the hydi ogen ion concentration is inci eased , 
that phosphonc and lactic acids aie dischaiged from the muscles, m part held 
in the liver until the resumption of kidney function after recovery, and then 
in some measure ledistiibuted as well as excreted It has been shown, too, 
that this acidosis may be lessened by btnlding up the glycogen reserves of the 
body before a stiigical opeiation, and that the acidosis of anesthesia may be 
1 educed considerably by the lectal admmistiation of copious quantities of a 
specially balanced hypotonic alkaline sodium and potassium phosphate solu- 
tion immediately aftei opeiation This bulky, watery, and alkaline solution 
not only obviates the acidosis, but deci eases the blood concentration, and 
also amehoiates the patient’s condition during recoveiy by virtue of its 
potassium ions, said to be the most stimulating of all to any depressed living 
thing, especiall}^ when the phosphate anion is piesent and when the medium 
IS alkaline Although I disappiove the use of glucose solutions during opera- 
tion foi the simple leasoii that at this time hyperglycemia is apt to be present, 
I commend then employment befoie opeiation and aftei complete recovery 
from anesthesia A tiend in inhalation anesthesia is to allow fluids to be 
diffused moie freely Let us liken them to the healing waters of the 
Onchestus desciibed b}'- Aiistotle 

In olden times the liver was thought to be the seat of love or lust and in 
this mannei the father of Euphuism, the Oxonian, John Lyly, of Elizabethan 
days, made mention of it in his Endymion as “It tickleth not my liver ” 
Whether or no it be tiue that such passion saps vitality, we must now behold 
the liver with othei than amatoiy eye The livei is a piodigious organ, 
possessed of multiform activities, assimilatoiy and secretory, diuinal and 
rhythmical " However, despite its magnitude and physiologic importance, 
its cells aie exceedingly susceptible to injuiy, so that m the very peiformance 
of their duties they aie apt easily to succumb But then legeneiative powers 
are remaikable As long ago as when the Pasteui Institute was founded 
(i886), Bizzozero® and von Podwyssozki,® sepaiately, showed that loss of 
liver substance is replaced by prohfeiation of the liver cells and the cells of 
the small bile ducts Confiimation and amplification have been given to this 
by several other observers, and Mann and Magath^® demonstrated that about 
70 per cent of the dog’s liver may be lemoved without seiious damage to the 
portal and vena cava circulation In a few months the remainder will be 
enlarged and the amount of tissue practically the same as before operation 
What a prolific regeneration ' The Ancients must have had some concep- 
tion of this when they told of Prometheus chained on Mount Caucasus and 
subjected to the daily attack of an eagle (probably a vulture) which, for ages, 
preyed upon liis liver, yet succeeded not in consuming it Let us say with 
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Carlyle, that the minds that made such stories are here yet How strangely 
things grow, and die, and do not die ' It is well that there is such an excess 
of liver tissue and that its cells are so readily capable of karyokinetic multi- 
plication , but m the instance of poisoning, as from chloroform or phosphorus 
notwithstanding liver regeneration and the normal appearance of the tissue 
under the microscope, it has been proved, since the introduction of the dye 
tests, that complete functional recovery is not fully established for some con- 
siderable time later A trend has been, therefoie, to compare the effects of 
anesthetics on the liver by employing the bi omsulfalem detoxification test 
Suffice it to say that chloiofoim is maximally damaging to the liver, ethyl 
ether and vinyl ether slightly so, and the gases, nitrous oxide, ethylene and 
cyclopropane, m themselves, not m the least harmful But when there is not 
an adequate supply of oxygen duiing the anesthesias of chloroform and the 
ethers, the liver function impairment is markedly enhanced, and in the in- 
stances of the gases, nitrous oxide and ethylene, there will be considerable 
injury Such does not prevail m cyclopropane anesthesia as a superabundance 
of oxygen is always given From a consideration of the effects of anesthetics 
on the liver, we learn to eschew chloroform and to avoid anoxia At this 
conjunctuie, it is apposite to draw attention to the destructive change in the 
brain when asphyxia accompanies nitrous oxide anesthesia, so explicitly 
desci ibed by Courville 

The changes which anesthetics may produce in the kidney seem to be 
analogous to, and concurrent with, those in the liver It has been known for 
a long time that anesthesia, generally, diminishes the volume of the urine 
secreted From various observations, it may be said that all inhalation 
anesthetics cause some depression of kidney activity, whereby the rate of 
secretion and composition of the mine is lowered, that the degiee of depres- 
sion varies directly with the depth of narcosis , and that the effects are in- 
fluenced by the condition of the kidneys, by the water content of the blood, 
and by the duration of the anesthesia Even during cyclopropane anesthesia. 
Waters and Schmidt^® have shown that the urinary output is usually sup- 
pressed and a compensatory inciease occurs several hours following 

From these desultory remarks concerning the interferences with metabo- 
lism which anesthetics may bring about, it can be seen that the trend has been 
to employ less toxic drugs, to use combinations of them, to improve the 
methods of their administration, and to offset and alleviate their deleterious 
actions, for by how much the more these pi mcipia are observed, by so much 
the more will surgery be endured Thus it was that ethylene and cyclo- 
propane, in their times, were brought forward, thus it is that Lundy^ has 
stressed the principle of combining regional and general anesthesias, and quite 
recently^® recommends pentothal sodium intravenously for inducing anesthesia, 
especially in hypersensitive individuals, to decrease the stages of excitement 
and avoid cyanosis, particularly in cases of high blood pressure this is an 
excellent procedure, and I am pleased to have followed it , thus it is that 
intratracheal methods were developed to prevent obstructions to reat ing 
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and to produce quiet respiration, thus, too, it is that the use of fluids has 
inci eased and oxygen is given so fieely 

While we must be veiy caieful continually to remember the beneficial 
actions of inhalation anesthetics, we cannot but admit their limitations, and 
compiehensively the trend is to select those anesthetic agents and methods 
of admmistiation that aie least harmful In the light of our piesent knowl- 
edge, it "would seem lational to choose one of three proceduies namely, 
regional anesthesia, that is, “local,” on one of the various forms of “block” 
anesthesia, oi “spinal”, oi geneial anesthesia with nitrous oxide or cyclo- 
propane, or a combination of the two All other foims of anesthesia seem 
doomed soon to desuetude, at least in major surgery I admit at once that 
the advantages of spinal anesthesia aie veiy great, particularly on account of 
the musculai lelaxation and the excellent lecoveiy, paiticularly, too, foi 
suigeiy of the uppei abdomen and m thoracic surgery Perhaps the devotees 
of inhalation anesthesia ai e inclined to regard this as an advei se trend 

The all-pervadmg desiie foi impiovement and the increasing demands of 
surgery contmuall}'" give tendency to change m anesthesia, and cynosures m 
this regal d, of late, aie the employment of cyclopropane, the absorption of 
carbon dioxide, and the admmistiation of anesthetics by the closed mtia- 
tracheal technic The advantages of cyclopiopane are already too well known 
for me to be piolix m the mattei, but it may be said that a splendid com- 
bination is aveitm pei rectum, to the patient m bed, half an hour before 
opeiation, followed m the opeiating room by a mixture of cyclopiopane, 
nitrogen and oxygen The lemoval of caibon dioxide fiom the expired air 
permits the continued and repeated use of anesthetic mateiials The closed 
intratracheal method precludes lespiiatoiy obstiuction, obviates mteiference 
wath some surgical procedures , gives absolute assurance of a plentiful supply 
of oxygen directly to the lungs, affords quietei breathing and a softei ab- 
domen, although naicosis is not piofound, and supplies the ready application 
of Guedel’s method of artificial contiol of lespiration Obseiving all due 
precaution against making arbitral y aiguments, one might go on to i elate 
other examples Even a casual leview of recent literature suggests, here 
and there, the influence of these centers of atti action, direct oi indirect, upon 
the practice of inhalation anesthesia 

In the general course "vidiich inhalation anesthesia is taking, one notices 
the increasing attention paid to the prepaiation of the patient for operation 
We cannot be too careful in this direction, indeed, we aie still too much 
inclined to neglect some of the impoitant considerations and to hasten the 
matter One thing that I do feel we should be more particular about is the 
problem of fear, so shamefully disregaided, especially in laiger institutions 
Fear may lead to phantasmagoria of excruciating incident to the patient going 
under an anesthetic, something like the wild ideas m the land of dreams de- 
picted by Edgar Allan Poe m some of his weird but beautifully written tales 
of mystery and imagination This source of terror may lead to severe shock, 
or at least to a tremendous dissipation of nervous energy Remember the 
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almost prophetic woids of Oliver Wendell Holmes, that “it is bettei to lose 
a pint of blood from your veins than to have a nerve tapped Nobody 
measures your nervous force as it runs away, nor bandages your brain and 
marrow after the operation ” How aptly this thought implies that we ought 
to do all m our power to assuage fear in one to whom an operation is pro- 
posed, by the cultivation of a psychologic approach intended to inspire con- 
fidence, gam reliance, and induce harmonious contentment In fine, the an- 
esthetist does well to take upon himself the role of /xowtKos, that is, as Plato 
meant it in the broader sense 
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ANOXIA^ 

A SOURCE OF POSSIBLE COMPLIC VTIONS IN SURGICAL ANESTHESIA 

Roy D McClure, M D , F W Hartman, M D , 

J G SCIINEDORF, M D , AND ViCTOR ScHELLING, Ph D 

Detuoit, jMicii 

FROM Till ntPVRTMfNT OF SUROIRl VND TIIL DI I>lUTM^^TO^ I inORlTORIF^, UF\R1 FORD IIOSPITVL, DETROIT, MICH 

The recent work of Couiville^ on “Asphyxia as a Consequence of 
Nilious Oxide Anesthesia,” and the pathogenesis of the cerebial naicosis 
lesulting from the same have seived to concentrate inteiest and mciease 
knowledge of the whole field of asph3'xia oi anoxia m which the physiologists, 
led by Yandell Hendeison,- Baicioft, ‘ and otheis, have been pioneering for 
}ears The anesthesiologists Schmidt,* Shaw, Steele and Lamb,^ Seevers and 
Wateis,** Ragmsk} and Bouine" and otheis have probably follor\ed the 
physiologists most closely as evidenced by then moie recent contributions 
On the othei hand, the jiathologists have been slow to interest themselves 
and correspondingly less helpful in the lecognition of the gross and micro- 
scopic lesions despite the admonition of Hendeison that “asphyxia is the 
most fiequcnt and most impoitant of all pathologic processes A large pait 
of all the stiuctuial abnoimahties that the pathologist studies involve pei- 
veisions of tissue icspiration ” 

Couiville® sums up his obscnations as follows “As a lule these patients 
developed respiiatoiy oi caidioiespiiatoiy failure while undei nitrous oxide- 
oxygen anesthesia and failed to legain consciousness when the anesthetic was 
withdiawn Dm mg the sunival peiiod the patients lemamed in coma, 
fiequently had convulsions and most of them died m a state of hypeithermia 
aftei an mteival of 1^4 to 26 days A fen individuals lecovered, some with 
a residual lenticulai syndiome, otheis with a peimanent psychosis, nhile 
some foitiinately lecovcicd completel}' In the fatal cases the ceiebial cortex 
and the lenticular nuclei piescnted aieas of neciosis which at times became 
confluent and if a siiivival peiiod ivas sufficiently long, resulted in astiovas- 
ctilai scars” Thus a classical pictine of anoxia is diawn which may apply 
equally well to the condition pioduced by the vaiious naicotics and anesthetics, 
or their combinations 

Oxygen want occuriing with nitious oxide anesthesia (Blown, Easson, 
Lucas and Hendeison*’) is readily appieciated because it is necessaiy to ad- 
ministei 80 per cent to 95 pei cent concenti ation of this gas to get good 
anesthesia, thus 1 educing the aiteiial oxygen tension diiectly at fiist and 
latei by depiession of the lespnatoiy centei, pioducing anoxic anoxia The 
othei types of anoxia — anemic, due to lack of, or inactivation of, hemoglobin, 
decreasing its capacity to take up oxygen , stagnant, due to 1 etai dation of the 

^Read before the American Surgical Association, Hot Springs, Va , May ii, 12, 
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circulation and transportation of oxygen , and histotoxic, due to drugging of 
the tissue cells so that they cannot utilize the available oxygen — are to be 
kept clearly in mind As this study will demonstrate, it is usually a com- 
bination of all or seveial of the types which results in serious complications 
Thedollowing case illustrates all types of anoxia with fatality 

Case I — A white, unmarried female, with bilateral pulmonary tuberculosis and 
secondary anemia, was treated by pneumothorax The last pneumothorax was performed 
July 14, 1938, when 375 cc of air was introduced into the left pleural spaces Adenoid- 
ectomy was performed July IS, 1938, with nembutal gr morphine sulphate 1/6 gr, and 
atropine 1/200 gr as preoperative medication and nitrous oxide-oxygen anesthesia The 
anesthesia lasted only 20 minutes but obvious cyanosis persisted throughout The patient’s 
condition was satisfactory when she was returned to her room an hour later but she was 
still unconscious and cyanotic One hour later respirations became labored and soon 
stopped Anatomic Diagnosis Asphyxia — blood uncoagulable , fibrocaseose tuberculosis, 
bilateral , chronic salpingitis In this case the pneumothorax 24 hours previously and 
the nitrous oxide would account for anoxic anoxia, the secondary anemia for anemic 
anoxia, the surgical procedure for the low blood pressure and stagnant anoxia, and the 
preoperative medication nembutal and morphine for histotoxic anoxia 

The stagnant type of anoxia is well illustrated by two cases of splanchnic 
resection for hypertension The procedure resulted in immediate reduction 
of systolic blood pressure, in the first case of 158 points and in the second 
of 1 16 points 

Case 2 — ^White, female, age 45, married, no children Complaint Dizziness 
Present illness Approximately one year ago began having intermittent attacks of dizzi- 
ness and vomiting Last attack three weeks ago Past history Pelvic operation in 
1926 Physical Evammahon Heart enlarged, heart sounds roughened Vessel walls 
moderately thickened Blood pressure 214/142, pulse 104 Red blood count 4,340,000, 
hemoglobin ii i Gm Urine Specific gravity i 018, trace of albumin Wassermann nega- 
tive Phthalem test 52 per cent in two hours Impi ession Essential hypertension, cardiac 
hypertrophy, retinal hemorrhages, generalized arteriosclerosis Transferred to Neuro- 
surgery for splanchnic resection, bilateral 

Preoperative preparation Morphine sulphate gr , scopolamine i/ioo gr Opera- 
tion, July 15, 1937 Duration of operation three and one-half hours Blood pressure at be- 
ginning of operation 225/110, at end of operation 100/90 Returned from operation in 
fairly good condition Pulse regular, rate 82, respirations 24, blood pressure 67/53 
Twenty-four hours after operation, pulse 92, respirations 24, blood pressure 128/72 
Drowsy, had difficulty in swallowing and speaking Left facial paralysis Impression 
at this time Cerebral anemia as the result of marked and sudden reduction of blood 
pressure July 20 Facial paralysis persists and weakness is present in left lower ex- 
tremity Also blurring of vision July 22 Patient still mentally confused July 25 
Blood pressure 165/105 Paralysis somewhat improved Discharged the fourteenth 
day 

Case 3 — White, female, age 51 Complaint Headaches, dizziness and nausea 
Present illness Has been told frequentlv that she has high blood pressure Past history 
Frontal and temporal headaches, has had “nervous breakdown” Physical Eraniination 
Undernourished and pale Heart moderately enlarged Blood pressure 256/150 Arterial 
walls thickened Red blood count 3,850,000, hemoglobin 12 2 Gm Phthalem 28 per 
cent in two hours Ivipi ession Hypertension, generalized arteriosclerosis, mitral heart 
disease, spastic colon Transferred to Neurosurgery for operation 

Preoperative preparation 4.7 mg avertin Operation, Januarj 9, I 937 ) c*" nitrous 

oxide Bilateral splanchnic resection Blood pressure at beginning of operation 23 /130, 
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at end of operation 150/100 Returned from the operation m fair condition Pulse 76, 
respiiations 22, blood pressuie 120/90 January 10 and ii Condition fairly good Blood 
pressure 140/86 January 12 Rales at both lower lobes hnptesswn Pulmonary edema 
January 14 Patient unconscious Januarj' 24 Chest condition impioved, no cyanosis 
Muttering delirium Febiuary 23 Discharged from hospital July 24 Patient in 
wheel chair Definite mental confusion Talked very little, did not recognize doctors, 
did not know where she was and did not answer questions satisfactorily Agitated and 
lestless Blood pressure 150/110 

Seveial types of anoxia aie possible in the last case, but in view of ob- 
sei vations to be pi esented latei it is felt that the histotoxic type produced with 
the pieoperative sedation of 12 gi of sodium amytal was the predominant 
factor 

Case 4 — Colored, female, age 32 Complaints Pelvic pain Physical examination 
reveals salpingo-oophontis, bilateral , cystic right ovary , multiple fibroids of uterus 
Admitted to Gjnecologic Service for operation, August 31, 1932 

Preoperative ordeis include sodium amjtal 3 gr , 10 pm , sodium amytal 6 gr, 
6 30 A M , sodium amjtal 3 gr, 8 15 am, when called to operating room Operation 
performed under ether, oxygen and ethylene Operation Appendicectomy, hysterectomy, 
and bilateral salpingo-oophorectomj , lasting one hour and 25 minutes Following the 
operation the patient received pantopon 1/3 gt q 3 h, glucose 10 per cent and normal 
saline intravenousl} Consciousness was not regained following the operation, and 
a neurologic consultation resulted m a diagnosis of protracted ether narcosis Sep- 
tember 10 Threshold of consciousness seemed to be slightly raised but motor coordination 
in the right lower extremity was disturbed September 14 Right-sided hemiparesis was 
evident September 15 Transferred to Neurologic Service for treatment By October 
I, there was some improvement, patient was conscious but answers to questions were 
unintelligible Discharged from hospital, January 13, 1933, four and one-half months 
after operation, with some improvement in speech but with residual paralysis on right 
side Ftual Diagnosis Hemiplegia right (residual from prolonged narcosis) 

These cases not only illustrate the vaiious types of anoxia lesulting in 
serious complications but they demonstiate that such complications may 
readily occur without eithei caidiovasculai 01 lespiiatory failuie during the 
anesthetic It is fully lecogmzed that cessation of lespiration or circulation 
foi five or ten minutes may pioduce extensive degenerative changes in the 
cential nervous system and peihaps other organs However, the data pre- 
sented heie emphasize that similar changes may result from reduction of 
oxygen tension, transpoi tation 01 utilization, Avithout interruption of respira- 
tion or cii dilation 

For convenience m consideimg the anesthetics most commonly used 111 
our institution they may be divided into seven groups Ether, ethylene and 
oxygen, cyclopropane and oxygen, nitrous oxide and oxygen, avertin, procaine 
(spinal), evipal and other barbituiates Much of the cuiient work, including 
our own, on anesthesia is pure animal experimentation, but the observations 
on patients to be leported were made duiing the routine operative procedure, 
hence it is impossible to give lesults on the anesthetic agents alone, unin- 
fluenced by the factor of preopeiative medication In view of this, the bar- 
biturates which are now frequently used preoperatively as sedatives and nar- 
cotics will be discussed first 
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The phaimacologic action of the baihituiic acid compounds is described 
by Edmonds and Gunn^° as being essentially sedative and Itypnotic, and 
Keeser and KeeseG’^ found that they tend to localize m the diencephalon 
lather than the ceiebial hemispheies In addition to the ceiebial action, a 
fall 111 body temperature, lespiiatory depression and an initial circulatory de- 
pression aie usually noted As intravenous anesthetics they are considered 
dangeious because the necessary dosage appioaches the lethal one Foi pre- 
operative medication, only the shoit acting pieparations are to be employed 
if pulmonaiy complications lesulting fiom prolonged respiiatory depression 
and postopeiative manias aie to be avoided 


Table I 


ErrncT or preoperative medication on respiration or cerebral cortex 


Q 0 > m Cm Per 
Mg Dry Weight 
Per Hour 



No 

Amount of Drug 

Dunng 

After 

Percentage 

Decrease 

I 


Seconal 5% 

2 I cc 

I 6224 

2 2702 

28 

2 


2 I cc 

I 4624 

2 0455 

28 

3 


Nembutal 3 33% 

I 2 cc 

2 8607 

3 7616 

23 

4 


I 6 cc 

3 2421 

3 8735 

16 

5 


Morphine 

HGt 

2 6474 

3 4721 

23 

6 


HGr 

2 330 

3 0452 

23 

7 


Sod Amytal 10% 

0 8 cc 

2 6471 

3 3658 

21 

8 


I 0 cc 

2 398 

3 3416 

28 


Table II 


EFFECT or PENTOBARBITAL NARCOSIS UPON BRAIN METABOLISM 


(An Three Dogs) 


Pentobarbital* 

Narcosis 


Blood Gas Analysis 

Normal 

Unanesthetized 

05 Hr 

4 Hrs 

Carotid Artery 

O2 content 

16 9 

12 4 

15 5 

O2 capacity 

18 2 

18 4 

18 4 

O2 saturation 

93 3 

68 8 

84 6 

CO2 content 

40 6 

49 0 

42 5 

Jugular Vein 

O2 content 

14 0 

10 3 

12 9 

CO2 content 

45 4 

51 4 

45 0 

O2 utilized 

2 9 

2 I 

2 6 

(AO2-VO2) 

CO2 produced 

5 4 

I I 

z 5 

(VCO2-ACO2) 

; mg per Kg body weight intravenous 
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It IS inteiesting to heai the phai macologists warn against pulmonary and 
ceiebial complications, since ceiebial neciosis and hemorrhagic pneumonia 
have been desciibed in our earhei communications^-’^^ m both the experi- 
mental animal and patients when given fever theiapy undei heavy baibiturate 
sedation Similai lesions have been pioduced in animals with these prepara- 
tions alone Jo^^ett and QuasteP’* have shown that luminal and evipal de- 
ciease oi abolish the utilization of ox3'gen by hi am slices This work has 
been lecently confirmed and extended m oui laboi atones working with sub- 
lethal doses of populai barbituiic acid deiivatives (Table I) Comparable 
inhibition of oxidation in liver, kidney and muscle b)'- narcotics has been 
demonstiated also by Jowett and Quastel 

Table III 

Evipal Narcosis 
Dosage 6o to 70 Mg Per Kg 


Arterial Blood 0 \ygen 
05 Hr 


Dog 

Cont 

Cap 

Sat 

I 

12 8 

20 I 

63 8% 

2 

16 5 

19 6 

84 0 

3 

II 5 

15 I 

76 6 

4 

13 2 

15 9 

83 4 

5 

14 3 

17 5 

81 5 

6 

11 8 

15 5 

76 0 

Average 

13 3 

17 2 

79 2 


Table 

IV 



Seconal Narcosis 


Dosage 10 to 15 Mg Per Kg 


Artenal Blood Oxygen 



05 Hr 


Dog 

Cont 

Cap 

Sat 

I 

15 4 

18 3 

82 0% 

2 

14 5 

16 9 

86 3 

3 

II 3 

15 3 

74 0 

4 

12 8 

18 I 

70 8 

5 

12 9 

15 7 

82 2 

6 

13 5 

16 2 

83 0 

Average 

13 4 

16 7 

79 7 


Brain metabolism in vivo undei pentobai bital naicosis is shown m Table 
n The oxygen content at the end of 30 minutes m the carotid artery is 
decreased 25 pei cent, the oxygen capacity remains the same, the oxygen 
saturation is 1 educed 24 per cent, and the CO2 content is increased 20 per 
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cent In the jugular vein, 30 minutes aftei administration, the oxygen con- 
tent IS reduced nearly 33 pei cent and the CO2 content has increased 10 per 
cent The oxygen utilized fell 28 per cent and the CO2 produced fell 80 per 
cent 


Table V 

Sodium Pentobarbital Narcosis 
Dosage 30 to 35 Mg Per Kg I V 


Arterial Blood Oxygen 
o 5 Hr 4 Hrs 



Dog 

Cont 

Cap 

Sat 

Cont 

Cap 

Sat 

I 


13 1 

20 2 

65 2% 

16 I 

20 2 

79 9 % 

2 


13 I 

17 3 

78 3 

14 9 

17 3 

86 3 

3 


11 I 

17 6 

63 0 

15 4 

17 6 

87 7 

4 


14 6 

18 3 

79 8 

16 4 

18 3 

89 9 

5 


14 7 

19 0 

77 5 

16 3 

19 0 

86 2 

6 


II 2 

16 8 

66 0 

14 8 

16 8 

88 2 


Average 

12 9 

18 2 

71 6 

15 6 

18 2 

86 3 


Table VI 

Sodium Amytal Narcosis 
Dosage 30 to 35 Mg Per Kg I V 






05 Hr 

Artenal Blood Oxygen 
4 Hrs 


7 Hrs 


Dog 

Cont 

Cap 

Sat 

Cont 

Cap 

Sat 

Cont 

Cap 

Sat 

I 


18 

9 

20 8 

91 0% 

18 9 

20 8 

91 0% 

— 

— 

— 

2 


15 

5 

18 9 

82 3 

14 6 

18 9 

77 2 

17 8 

18 9 

94 6% 

3 


16 

0 

18 9 

84 8 

13 I 

18 9 

69 6 

17 4 

18 9 

92 4 

4 


14 

5 

17 4 

83 7 

15 7 

17 4 

90 6 

— 

— 

— 

5 


22 

I 

24 7 

89 5 

— 

— 

— 

— 



— 

6 


21 

3 

24 5 

87 I 

— 

— 

— 

— 




Average 

18 

0 

20 8 

86 4 

15 5 

19 0 

82 I 

17 6 

18 9 

93 5 






Table VII 












Dial Narcosis 









Dosage Cc Per Kg I 

P 









Artenal Blood Oxygen 








I Hr 



2 5 Hrs 



7 Hrs 


Dog 

Cont 

Cap 

Sat 

Cont 

Cap 

Sat 

Cont 

Cap 

Sat 

I 


13 

9 

16 5 

84 6% 

16 0 

18 2 

88 0% 

x8 7 

20 0 

93 5 % 

2 


15 

3 

17 2 

89 5 

15 0 

17 2 

87 4 

19 2 

21 I 

91 4 

3 


14 

4 

16 7 

86 0 

15 8 

17 2 

92 0 

17 2 

19 6 

88 7 

4 


16 

3 

17 6 

92 5 

15 8 

17 7 

89 2 

17 2 

18 6 

92 0 

5 


15 

8 

18 I 

87 5 

— 

— 

— 

~ 



6 


13 

0 

15 0 

86 6 

— 

— 

— 





Average 

14 

7 

16 8 

87 7 

15 6 

17 5 

89 I 

18 0 

19 8 

91 4 
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Tables III, IV, V, VI and VII, showing arteiial blood values in the dog 
undei theiapeutic doses of evipal, seconal, sodium pentobarbital, sodium 
amytal and dial, demonstiate that theie is a consistent depression of the 
oxygen satuiation langmg fiom lo to 30 pei cent with the lowest values 
produced by the shoitei acting evipal, seconal and sodium pentobarbital 


Tablc VIII 

SECONAL Gr 6 




Dura- 

Artenal Blood Ox3'’gen 

Blood Pressure 



tion 













Patient 

Age 

Min 

Cont 

Cap 

Sat 

Normal 

Sedat 

N F 

55 

75 

17 8 

22 3 

79 7% 

158/70 

150/60 

V B 

16 

30 

16 6 

17 7 

93 5 

120/80 

116/80 

L K 

60 

30 

18 2 

19 9 

91 5 

212/110 

185/106 

B W 

32 

30 

14 0 

16 0 

87 8 

120/70 

110/80 

I R 

31 

90 

18 I 

21 7 

83 5 

116/70 

115/85 

M W 

51 

90 

15 4 

17 8 

86 5 

140/90 

112/80 

M R 

41 

30 

18 2 

21 0 

86 7 

150/82 

128/100 

M B 

19 

30 

16 7 

19 3 

86 5 

124/82 

120/80 

B C 

60 

45 

12 4 

14 5 

85 8 

158/80 

144/88 

S K 

64 

60 

17 5 

20 0 

87 9 

140/80 

114/70 

M B 

20 

60 

16 0 

18 I 

88 6 

120/70 





Table IX 







C\ CLOPAL Gr 

10 






Dura- 

Artenal Blood Oxygen 

Blood 

Pressure 



tion 













Patient 

Age 

Min 

Cont 

Cap 

Sat 

Normal 

Sedat 

M H 

54 

60 

17 I 

19 7 

86 5% 

142/75 

102/70 

M B 

54 

90 

16 4 

18 3 

89 5 

175/90 

120/70 

J H 

29 

60 

15 9 

19 0 

83 7 

135/80 

115/75 

E B 

47 

120 

7 8 

10 5 

74 7 

136/76 

130/78 

C R 

51 

45 

16 2 

20 3 

79 8 

140/96 

140/96 

E H 

32 

30 

12 9 

15 9 

81 2 

— 

— 

A B 

28 

30 

18 6 

21 0 

88 5 

— 

— 


Tables VIII and IX illustiate the effect of seconal and cyclopal lespec- 
tively, given as pieopeiative medication on the ox)'^gen saturation of the arte- 
rial blood and blood pressuie Theie is a uniform reduction m the oxygen 
saturation of from 5 to 20 per cent and usually a 1 eduction in blood pressure 
ranging from o to 40 points systolic and o to 20 points diastolic 

From these data it seems cleai that the barbituiate deiivatives in moderate 
dosage produce slight to seveie anoxia This anoxia is due to respiratory 
depression (anoxic anoxia), circulatoiy depiession (stagnant anoxia) and 
reduction of cellular respiration (histotoxic anoxia) Within the therapeutic 
range, histotoxic anoxia is most impoitant m barbiturate sedation or narcosis, 
since brain slices have the utilization of oxygen 1 educed 16 to 28 per cent and 
the brain iii vivo has its oxygen utilization reduced 28 per cent and its CO2 
pioduced reduced 80 per cent 
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Aveitin or tnbi omethanol has the chemical structuie of ethyl alcohol with 
the substitution of three bromine atoms, and its naicotic effect is compaiable 
to that of chloroform, according to Sollmann The preparation usually em- 
ployed IS avertin solution, that is one Gm of aveitin dissolved m one cc of 
amylene hydrate, which is also an active narcotic The phai macologic action 
fiom clinical dosage includes marked depression of the respiratory centei with 
decrease in rate and diminished response to COo Paisons,^*’ Greer,” and 
Kennedy^^ show that the blood pressure may be shaiply depressed about eight 
minutes aftei administration due to vasodilatation, decrease m blood volume 
and depiession of the heart Table X shows the reducing effect of avertin 
solution on the oxygen utilization of brain slices ranging from lo to 14 per 
cent 


Table X 


EFFECT OF 


No 


1 

2 

3 

4 

5 

6 

7 

8 


PREOPERATIVE MEDICATION ON RESPIRATION OF CEREBRAL 
CORTEX 



Q O2 m Cm Per 

Mg Dry Weight 



Per Hour 


Amount of 



Percentage 



Drug 

Empal 10% 

Dunng 

After 

Decrease 

2 0 cc 

I 9268 

2 4151 

22 

I 5 cc 

I 9288 

2 3822 

19 

I 0 cc 

2 4872 

3 0971 

19 

I 2 cc 

2 8081 

3 5693 

21 

2 0 cc 

2 0549 

2 545 

19 

AverHn 15% 




35 cc 

3 1294 

3 4673 

9 7 

40 cc 

2 819 

3 2924 

14 

42 cc 

2 9745 

3 3807 

12 


Table XI 




Avertin Narcosis 
Dosage 180 Mg Per Kg 


Artenal Blood Oxygen 


Dog 

Cont 

05 Hr 
Cap 

Sat 

I 

13 7 

17 I 

80 2% 

2 

19 0 

21 4 

88 6 

3 

17 9 

20 I 

89 4 

4 

19 5 

21 5 

91 2 

5 

15 3 

22 3 

68 5t 

6 

17 I 

20 4 

84 I 

Average 

17 0 

20 4 

83 6 

*N B P 170/90, narcosis 100/55 
t R = 4 mm , deep narcosis 
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Table XI shows the i eduction in the oxygen saturation of the arteiial 
blood in aveitui naicosis in the dog lesultiiig fiom i8o mg per Kg The 
pcicentage of i eduction vanes fioin 3 to 25 pei cent, the aveiage being 10 per 
cent The fiist animal exhibited a fall of 70 points in systolic blood piessuie 
and 35 jiomts m diastolic blood piessuie In the fifth animal, the lespiiatoiy 
late fell to foui pei minute and w'as accompanied by deep naicosis and the 
shaipest 1 eduction in the ox3'gen satuiation of the aiteiial blood 

Table XII 


AVERTIN NARCOSIS 






Arterial Blood 0 \ygen 

Blood Pressure 



Sedation 

Duration 






Patient 

Age 

Avertin 

Min 

Cont 

Cap 

Sat 

Normal 

Anesth 

J B 

32 

90 mg /Kg 

30 

17 0 

19 2 

88 7% 



M L 

35 

80 mg /Kg 

45 

18 0 

20 4 

88 0 

202/134 

140/90 

M C 

45 

70 mg /Kg 

60 

18 9 

20 7 

91 2 

160/60 

I 80/ 100 

T H 

6r 

70 mg /Kg 

30 

16 9 

18 9 

89 2 

150/85 

100/60 

B H 

54 

80 mg /Kg 

30 

15 4 

17 6 

87 7 

126/70 

90/60 

H P 

30 

80 mg /Kg 

45 

16 6 

19 5 

85 2 

124/70 

120/50 

L Me 

42 

70 mg /Kg 

45 

13 3 

17 6 

75 5 

110/60 

100/60 

L B 

66 

70 mg /Kg 

30 

13 5 

14 8 

91 6 

140/60 

100/60 

T deP 

28 

80 mg /Kg 

30 

15 0 

16 7 

89 6 

130/82 

100/80 

A C 

32 

85 mg /Kg 

20 

17 5 

19 8 

88 4 

156/86 

150/80 


Table XII shows the oxygen satuiation of ten patients under aveitin 
anesthesia, langing fiom 3 to 20 pei cent below noimal The blood pressuies 
weie taken aftei the ciitical peiiod, eight minutes following administiation, but 
show consistent 1 eduction 111 systolic piessuies langing from 4 to 62 points, 
and 111 diastolic pi essui es 1 anging f 1 om o to 44 points It is to be noted that 
none of these patients leceived other pieoperative medication wdiich might 
account foi the lelatively good lecoid showm The anoxia m this instance is 
chaiged to depiession of the lespiiatoiy centei with slowung of the rate 
(anoxic anoxia), to the icduction in blood pressure and vasodilatation (stag- 
nant anoxia) and, to a small degiee, to histotoxic anoxia, as the utilization of 
oxygen by brain slices is depiessed fiom 10 pei cent to 14 per cent, or less 
than half seen wuth the baibituiates 

The lecent contiibutions on spinal anesthesia by Seevers and Wateis,® 
Schubeit,^*^ Shaw, Steele and Lamb,-° and Nowak and Dowmmg-^ make it 
impossible to add anything except obseivations upon patients under actual 
opeiative conditions 

All of oui patients (Table XIII) had pieliminaiy sedation with morphine 
sulphate 01 baibituiates Some of the oxygen satuiation values aie wuthin 
the noimal range and the gieatest 1 eduction was 10 per cent In view of the 
data piesented above, the slight changes aie attributed to the effect of pre- 
opeiative medication alone Theie is a fall 111 blood pressure m each case 
which IS routinely combated by ephedime and oxygen inhalations Seeveis 
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and Waters® obseived that “a considerable decrease in alveolar, as well as in 
arterial and venous blood oxygen occurs, with a corresponding increase in 
CO2 ” This result they attribute to "initial decrease in peripheral resistance 
to blood flow, vasomotor neive and skeletal muscle paralysis, decrease in 
minute volume lespiration accompanying intercostal nerve paralysis, in- 
adequate oxygenation of blood, diminished minute volume blood flow, pro- 
gressive loss of vascular tone over the whole body and acute cardiac incom- 
petence , and failure of the medullary respiratory mechanism ” SchuberT® 
found no definite changes in oxygen consumption in man, the arteriovenous 
difference was inci eased, and the cardiac output and blood pressure fell 
Shaw, Steele and Lamb,^® in dogs, found a perfectly saturated arterial blood 
and a lowered oxygen content of the venous blood or an increased arterio- 
venous difference indicating stagnant anoxia They believe that this anoxia 
will vary with the extent of the area anesthetized or the magnitude of the 
vasoconstrictor paralysis and vasomotor compensation Nowak and Down- 
ing, working with cats under light ether anesthesia, found spinal anesthesia 
did not depress the aiteiial oxygen, however, the venous oxygen content 
was reduced, resulting in an increased arteriovenous oxygen difference They 
suggest that fatal accidents are due to paralysis of the phrenic mechanism or 
respiratory center, or both There is substantial agreement between three of 
the four workers quoted, and their conclusion that there is no substantial re- 
duction m arterial blood oxygen when the cardiovascular depression is com- 
bated, corresponds with our obsei vations in anesthetized patients 

Table XIII 

SPINOCAINE (spinal) 

2 5 TO 3 Cc 

Arterial Blood 





Dura- 


Oxygen Blood Pressure 






tion 







Patient 

Age 

Sedation 

Min 

Cont 

Cap 

Sat Normal 

Anesth 



L K 

31 

Nembutal Gr i]/2 

60 

21 2 

22 4 

94 S% 134/78 

120/80 





MS Gr 








s s 

S6 

MS Gr M 

90 

16 4 

19 3 

83 2 130/80 

88/50 



F T 

S 3 

Seconal Gr 3 

60 

18 9 

20 4 

92 7 126/82 

100/70 



H L 

22 

MS Gr H 

60 

21 3 

23 7 

89 9 140/86 

130/90 



G P 

34 

MS Gr 1/6 

90 

20 6 

22 6 

91 S I 2 S/ 7 S 

90/70 



S M 

32 

Seconal Gr 3 

120 

18 4 

21 I 

87 S 120/90 

86/60 



G S 

39 

Seconal Gr 3 

90 

20 3 

22 7 

89 4 106/70 

100/70 



J B 

41 

Seconal Gr 3 

120 

19 0 

21 8 

86 7 140/92 

100/70 

Eph 

150/90 

A S 

43 

Seconal Gr 3 

IS 

16 I 

19 0 

84 9 140/76 

80/SO 

Eph 

110/80 

0 C 

32 

Seconal Gr 3 

60 

19 6 

21 2 

88 0 118/20 

100/66 




Nitrous oxide was the first inhalation anesthetic and it acts partly by 
direct narcotic effect upon the central nervous system, but to a greater extent 
through the exclusion of oxygen The action is perhaps best illustrated by 
Clark (from Sollmann^®) in Table XIV 

When nitrous oxide is combined with air or oxygen it produces almost a 
pure anoxic anoxia by the exclusion of oxygen from the inspired mixture 
When combined with preoperative medication the latter brings in both the 
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Table XIV 


Vol 

% 


Degree of 

N2O 

O3 

Depth of Anesthesia 

Asphyxia 

Relaxation 

80 

20 

Subconscious analgesia 

None 

None 

86 

14 

Complete analgesia 

None 

None 

89 

II 

Partial anesthesia 

Slight 

Slight 

94 

6 

Complete anesthesia 

Dangerous 

Partial 


Table XV 

NITROUS OMDE AND OWGEN 

Artenal Blood Oxygen 
Dura- Mother Baby 

tiQn 


Patient 

Age 

Sedation 

Mm 

Cont 

Cap 

Sat 

Sat 

K T 

22 

None 

140 

12 

I 

19 4 

62 4% 

49 9% 

B A 

40 

Seconal Gr 6 

15 

16 

2 

19 4 

83 2 


M W 

52 

C}’'clopal Gr ro 

20 

17 

2 

20 I 

85 7 


R T 

18 

Pentobarb Gr 131^ 

(24 hrs ) 

40 

12 

I 

18 6 

65 2 


M S 

34 

Pentobarb Gr 7X 
Scopol Gr I /loo 

60 

12 

I 

15 7 

77 2 


S B 

44 

Pentobarb Gr 6 

30 

15 

9 

21 0 

76 I 


D F 

25 

Pentobarb G^ 6 
Scopol Gr I /too 

30 

6 

2 

II 6 

53 3 


M V 

25 

Pentobarb Gr 4}^ 
Scopol Gr I /too 

45 

9 

9 

19 6 

50 5 


C S 

49 

Seconal Gr 6 

60 

17 

3 

18 5 

93 6 


E B 

22 

Pentobarb Gr 6 

(3 ) 

20 

12 

6 

16 5 

76 4 


N M 

29 

Pentobarb Gr 6 

Scopol Gr 1/150 

15 

13 

8 

18 9 

72 9 

48 9 

L H 

22 

Pentobarb Gr 4^ 
Scopol Gr 1/200 

20 

II 

8 

14 5 

81 0 


P M 

24 

Pentobarb Gr 6 

Scopol Gr 1/150 

M S Gr 1 /6 

30 

14 

8 

17 2 

85 9 


A T 

28 

Pentobarb Gr i}^ 

20 

H 

7 

18 8 

78 2 

50 0 

J s 

21 

Seconal Gr 4K 

30 

12 

5 

15 2 

82 6 

6r 2 

U R 

43 

Pentobarb Gr 
(24 hrs ) 

Pentobarb Gr 6 
(i I hrs ) 

Scopol Gr 1/200, 
1/200, 1/200 

30 

12 

4 

18 0 

68 7 


M D 

24 

No sedation 

50 

15 

6 

18 7 

83 0 

76 0 

H V P 

38 

Seconal Gr 6 
(4-6 hrs ) 

Scopol Gr 1/150, 

1/150 (3-8 hrs ) 

40 

II 

5 

15 5 

74 6 

52 0 

M M 

28 

Pentobarb Gr 4^4 
(i hr) 

20 

16 

5 

18 3 

90 0 

64 5 

V D 

20 

Pentobarb Gr 4^ 

40 

13 

7 

16 6 

82 7 

62 3 


(7 hrs ) 

Scopol Gr 1/150, 

1/150 (5 Jirs ) 
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stagnant and histotoxic factors Table XV represents arterial bloods on 
obstetric patients under nitrous oxide anesthesia at the time of delivery 
(second stage) and the coid blood of the newborn infants All the motheis 
had pieoperative medication, usually one of the barbiturates with or without 
scopolamine The oxygen satuiation of the arterial blood was reduced from 
o to 45 per cent, with the greatest reduction found with relatively large doses 
of pentobarbital and scopolamine The aveiage reduction in the oxygen 
Saturation of 144 is moderate as compaied with other groups, but the most 
significant and dangerous aspect is the iiregulaiity and extreme reduction m 
seven out of the 20 cases Ragmsky and Bourne,'^ m a series of 14 patients 
receiving nitrous oxide for exti actions and othei short operations, found an 
aveiage reduction in the oxygen saturation of the aiterial blood of 25 per cent, 
but three cases had oxygen satuiation of below 55 per cent The saturation 
of the cord blood m most instances is well con elated with the mother’s arterial 
blood 

Ethylene was introduced as a clinical anesthetic, m 1923, by Luckhardt 
and Cartel and Luckhai dt and Lewis Sollmann^^ states that it is an 
aliphatic narcotic of low activity but with lapid action and recovery Full 
anesthesia may be induced with 90 pei cent ethylene and 10 per cent oxygen 
After induction satisfactoiy relaxation may be maintained with 80 per cent 
ethylene and 20 pei cent oxygen It is, therefoie, unnecessary to produce 
anoxia to obtain anesthesia and the color lemains good In the arterial blood 
of our cases (Table XVI) the oxygen saturation m only one instance was 
reduced below the level expected m view of the preopeiative medication with 
baibiturates and morphine sulphate 


Table XVI 

ETH\LENE AND OXYGEN 

Artenal Blood Oxygen 



Patient 

Age 

Sedation 

Duration 

Min 

Cont 

Cap 

Sat 

S K 


20 

Cyclopal Gr 10 

30 

9 2 

15 

2 

60 4% 

J G 


42 

Cyclopal Gr 10 

30 

13 6 

16 

0 

84 9 

A L 


15 

MS Gr 1/6 

60 

19 I 

21 

3 

89 7 

A H 


22 

M S Gr 1/6 

60 

17 2 

19 

I 

90 2 

M K 


40 

Seconal Gr 6 

30 

15 4 

17 

I 

90 I 

A K 


39 

MS Gr K 

30 

13 9 

17 

8 

78 3 

C P 


62 

Cyclopal Gr 10 

30 

17 6 

19 

7 

89 0 

M G 


32 

Seconal Gr 6 

30 

16 4 

20 

2 

8r 3 

R E 


40 

Nembutal Gr 6 

10 

15 7 

17 

8 

87 9 

B R 


59 

Nembutal Gr 6 

15 

20 0 

22 

2 

90 2 


Cyclopropane was proposed as an anesthetic by Lucas and Hendei son,"'^ 
m 1929 Since that time, a number of clinical reports indicate its increasing 
use for induction and more lately fiom general anesthesia Sollmann^'" states 
that 7 4 pel cent produces mild anesthesia, 13 per cent is suitable for abdom- 
inal opeiations and 23 per cent is sufficient for deep anesthesia Any surgical 
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pioceduies may, therefoie, be undei taken with the patient getting 77 per cent 
oxygen 

Table XVII 

CYCLOPROPANE 

Dura- Arterial Blood 
tion Oxygen Blood Pressure 


Patient 

Age 

Sedation 

Mm 

Cont 

Cap 

Sat 

Normal 

Anesth 

G K 

47 

MS.Gr r/6 

40 

15 8 

17 7 

89 3% 

150/90 

110/60 

S V 

21 

Seconal Gr 4!^ 

15 

14 4 

16 3 

88 2 

— 

— 

M B 

44 

Seconal Gr 3 

15 

21 2 

22 I 

95 0 

120/80 

110/76 

J w 

43 

MS Gr 1/6 

90 

18 5 

19 7 

92 8 

120/80 

120/80 

M R 

33 

Seconal Gr 6 

30 

10 8 

II 5 

94 0 

150/80 

120/80 

K L 

25 

Seconal Gr 43^ 

30 

16 8 

18 8 

89 6 

118/68 

110/70 


In Table XVII, the aiteiial blood oxygen satin ation taken during anes- 
thesia shows only slight depiession despite the fact that all had preopeiative 
medication with moiphme sulphate 01 seconal One lepoit of postanesthetic 
encephalopathy following cyclopiopane has been made by Gebauer and 
Coleman,"^ wdio conclude that tissue 01 cellular anoxia is the piobable cause 
of the encephalopathy and death Then conclusion seems logical, but pre- 
opeiative medication of sodium amytal 3 gi and moiphine sulphate gr , 
the type (thoiacoplasty) and length of the opeiation, and the circulatoiy 
depiession evidenced by low^ blood piessuie and the rapid pulse should be 
consideied the piincipal pi ecipitating factors lathei than the cyclopropane 

Discussion — ^With this study and compaiison of the various commonly 
used naicotics and anesthetics, it becomes appaient that anoxia of some degree 
and of one 01 more types usually occuis as a lesult of then administration 
Ordinal ily this anoxia is not of sufficient degiee to endanger the patient’s 
life or tissues How^evei, the cases cited here, those of Couiville,^ Lowen- 
beig, Waggonei and Zbmden,-® Gebauei and Coleman,-^ O’Biien and Steeg- 
inanii,-" and Steegmann,-^ doubtless lepiesent only a small percentage of 
those that will shoitly be lecorded now that the clinical pictuie, the pathogene- 
sis and the pathology are identified and aie lapidly becoming clarified 

Evipal and the other baibituiates 111 therapeutic doses pioduce relatively 
seveie anoxia by lespnatoiy depiession (anoxic type), circulatory depres- 
sion (stagnant type) and 1 eduction of cellulai lespii ation, especially in the 
brain (histotoxic type) Only the elimination of the baibiturates m large 
preoperative doses and as anesthetics ivill pi event anoxia 

Avertm, or ti ibi omethanol, like the baibiturates, depresses both respira- 
tion and circulation, resulting in anoxic and stagnant anoxia, but there is 
relatively little histotoxic anoxia If measuies w’-ere taken to combat the early 
fall m blood pressure and the deci eased respiratory late, the anoxia could 
be reduced to a minimum 

Spinal anesthesia pioduces marked ciiculatory depression through paraly- 
sis of the vasoconstiictors in the anesthetized area, leading to stagnant anoxia 
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If this vasodilatation and fall in blood pressure is effectively overcome, there 
IS little or no anoxia seen from the spinal anesthesia alone However, this 
holds only if the preoperative medication is avoided or kept at minimum 
levels 

Nitrous oxide-oxygen anesthesia of complete grade requires the reduction 
of the oxygen in the inspired mixture below maintenance levels (about 6 
per cent) , therefore, pure nitious oxide anesthesia predicates anoxic anoxia 
It IS used only in short anesthesia such as extractions In longer procedures 
preoperative medication with barbiturates or morphine sulphate is the rule 
Thus both stagnant and histotoxic anoxia are added to make a potentially 
dangerous total Apparently little can be done to reduce this risk as preopera- 
tive medication is necessary The nitrous oxide cannot be reduced below 
the borderline of anoxia, and even with the most cautious administration some 
of the cases show the arterial blood oxygen saturation at unexpectedly and 
dangerously low percentages of 50 to 55 

Ethylene and cyclopi opane, especially the latter, offer good margins of 
safety as far as the percentage of oxygen in the inspired mixture is concerned 
Anoxia need occur only through heavy preoperative medication or the use of 
unnecessarily high percentages of the anesthetic gas 

Courville,^ Lowenberg, Waggonei and Zbinden,^® and Steegmann^® have 
already described the brain pathology occurring after nitrous oxide, avertin 
and cyclopropane anesthesia The changes noted by these observers are 
essentially the same and they coiiespond closely with those recorded by Gildea 
and Cobb^® after experimental ligation of the cerebral vessels, and by one of 
us^® following fever therapy with heavy sedation, after large doses of bar- 
biturates, and in acute alcoholism 

The pathologic changes may be roughly grouped into the acute and sub- 
acute to chronic The acute changes may be confined to those m experimental 
animals or man surviving from a few hours to 24 hours after the produc- 
tion of anoxia Here marked engorgement of the pial and cerebral vessels 
IS found grossly The lungs are usually voluminous and of increased density 
On section the lung parenchyma is edematous and congested The other 
organs show congestion only Micioscopically, the acute changes in the 
brain are characterized by pericellular and perivascular edema, shrinkage of 
the pyramidal cells of the cortex and the ganglion cells, and cuff hemorrhages, 
especially in the basal nuclei The histologic changes m the lung are typified 
by the diffuse hemorrhagic infiltration (hemorrhagic pneumonia) At times 
small hemorrhages may be found in the cortex of the adrenal and in the 
cortex of the kidney 

In the subacute to chronic cases, that is, in those surviving 24 to 48 hours 
or longer, all the pathologic changes of the acute phase may be noted in the 
gross, plus areas of necrosis and hemorrhage These areas have been called 
devastation necrosis by Gildea and Cobb“° and are found most frequently in 
the basal nuclei There may be zonal necroses in the cortex, as noted by 
Courville,^ or of entire lobes, as noted in the cerebellum of one of our cases 
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The changes in individual cells aie moie advanced, being seen in stages of 
liquefaction, hpoidal degeneiation and calcification 

The lung at this stage eithei shows lesolution of the hemorihagic lesion of 
the acute peiiod, oi it has gone on to fiank consolidation of lobular or lobai 
distnbution The hvei may show cential oi nndzonal necrosis with hemoi- 
ihage The kidney may still show henioiihage and m addition tubulai de- 
genei ation 


CONCLUSIONS 

(1) Anoxia may usually be demonstiated duiiiig anesthesia induced by 
pieseiit-day methods 

(2) Narcotics, paiticulail}^ moiphme and baibiturate deiivatives in 
model ate to laige doses, tend to pioduce anoxia, especially of the histotoxic 
type 

(3) Destiuction of individual cells, vital oigans and life itself is most apt 
to lesult when a severe histotoxic anoxia is accentuated by one oi more of 
the othei types, anoxic, stagnant oi anemic anoxia 

(4) Full considei ation of anoxia as a souice of -surgical complications 
should reduce pieoperative naicotics to a minimum, piomote the use of anes- 
thetics which allow adequate oxygen in the inspiied air, and emphasize the 
necessity of maintaining the blood pressuie and lespii ation at near normal 
levels 
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THE PRESENT STATUS OF SPINAL ANESTHESIA* 

Harold L Foss, M D , and Leonard F Bush, M D 

Danm^le, Pa 

rnoM THE dfiuiitm* nt o^ suhofiit, the gfohge f ctisi\airn memohial hospital, dan\iw.e, pa 

To STRICTLY follow tlic title of this paper would comprehend a survey of 
the use of spinal anesthesia thioughout the civilized woild and a summary of 
the opinions of all surgeons, of the piesent state of this means of rendering 
insensibility to pain — obviousl)' an impossibility One can, howevei, provid- 
ing his expenence with a method has been sufficiently extensive, arrive at cer- 
tain conclusions, and, with a suivey of a comprehensive literature, state 
what seems to be the modem evaluation of it We have, therefore, attempted 
to sum up piesent day beliefs legarding an anesthetic technic over which 
there has piobably been moie controversy than has occurred in reference to 
all other anesthetics combined 

In a symposium such as this, in which nearly all modem forms of anes- 
thesia aie being consideied, spinal as a procedure is of too great importance 
not to be also repiesented Yet, beaiing in mind that probably more has 
been said and Yiitten duiing the past ten years about it than about othei 
methods, one is put to it to appioach the subject from an original angle and 
to escape lehashing what has alieady been mentioned not once but a thousand 
times 

Nothing of much value can be added to wdiat has been wwitten with refer- 
ence to the best di ugs to employ and the best technics to be followed in then 
administiation , to the question of indications or contiaindications or to that 
of the selection of the types of patient and operation best suited to the pro- 
cedure All these subjects have been extensively dealt with Much has. 
how^evei, been contiibuted lately regarding ceitain dangers of spinal anes- 
thesia 

Couiphcaftoiis of Spinal Anesthesia — ^Veal and Van Wei den analyzed 
30 immediate fatalities in some 33,000 cases in wduch the method was used 
m the Charity Hospital of New^ Orleans All deaths occurred m the operat- 
ing room or soon after the injection was made, so there wi'as, in the minds of 
the authors, no question as to the i esponsibility of the anesthetic In the 
lattei half of the senes, immediate deaths occurred once m every 1,244 cases 
All but four of the deaths occurred wnth novocain, the authors stating that 
the risk rapidly uses with the mciease of the dosage — yet in 21 of the deaths 
the dosage was 150 mg or less 

Davis and Hale Haven earned out injections in dogs Most marked 
pathologic change found was meningeal reaction present in a variable degree — 
an inflammatory reaction in the arachnoid with a thickening of the membrane 

*Read before the American Surgical Association, Hot Springs, Va, May ii, 12, 13, 
1939 * 
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and collections of proliferated arachnoidal cells Occasionally they found 
collections of polymorphonuclear cells but in no instance were bacteria dis- 
covered Exudates were largely of the lymphocytic type In animals killed 
30 to 90 days after injection, organization with fibrotic scarring could be 
seen The authors conclude that spinal anesthetic solutions are hemolytic as 
well as myelolytic and that, following injection, there is a varying degree of 
inflammatory reaction in the leptomenmges Swelling and pigmentation of 
the axis-cylinders, occasionally with degenerative changes in the fiber tracts 
of the cord, occurs Changes m the ganglion cells of the gray matter similar 
to those seen m retrograde or wallerian degeneration may frequently be 
demonstrated but these latter changes aie, probably, not of a permanent 
nature 

Sise, in 1929, collecting the reports of deaths from spinal anesthesia in 
greater Boston for one year, states that a “rough estimate of the number of 
spinal anesthetics given during this period forces the conclusion that the death 
rate has not been better than one to one hundred ” Compared with Sise’s 
findings, however, we have the repoits of Rygh and Bessesin, analyzing statis- 
tics of 250,895 spinal anesthetics with a mortality rate of i to 3,345 Obviously 
such wide discrepancies suggest a lack of standardization in the methods 
of statistical compilations — a factor which, all too frequently, enters the pic- 
ture in our scientific investigations, often invalidating the conclusions 

Falk records that in a consecutive series of 260 anesthetics he had no 
mishap, however, with a change of services three fatalities occurred on the 
operating table in the next 154 cases — ^all apparently from acute respiratory 
failure A routine dosage of 200 mg was used m all cases, obviously one 
far too great 

Many writers have referred to the patient’s individual susceptibility and 
cite, for example, sudden death from nocovain injected into a tonsil Certain 
transitory minor effects may well be attributed to a peculiar idiosyncrasy 
possessed by the patient, or, as has been assumed, to tissue sensitivity to 
cocaine derivatives 

There is, as pointed out by Harrison, a widespread impression that con- 
tinued leakage from the puncture occurs and that leakage, by reducing pres- 
sure within the subarachnoid space, causes the headache Introduction of 
air alone may cause intense headache Harrison advocates the routine intra- 
venous injection of glucose in the prevention of postoperative spinal head- 
ache, the “slight hydremia which the dextrose solution induces being sufficient 
to check the excessive absorption from the spinal canal — ^until recovery or 
until compensation can take place, thereby reducing the disturbance in cerebro- 
spinal hydrostatics to so low a level that the headache does not appear ” 

Koster et al list the explanations of headache under (a) Seepage of 
cerebrospinal fluid, (b) irritative meningitis from the solution from skin 
contaminations, (c) alterations m the pv of the solutions Yet Koster and 
his associates conclude that any possible contamination from substances used 
m preparation of the skin plays no part m the production of headache , neither 
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does the factoi of hypo- or hypei tonicity Koster found that the deliberate 
injection, with the anesthetic agent, of iodine or of tnnitiophenol did not 
inciease the incidence of postopeiative headaches, neithei did the use of tap 
water oi distilled uater in the place of saline solution 

Lindemuldei concludes that piocaine or its allied drugs have a definite 
toxic effect on the cord and spinal nerve loots which can be shown both 
clinically and pathologically 

Yeais ago, Spielineyei, following injection of stovaine into the subarach- 
noid spaces of dogs and apes, found degeneiation of the roots and the pe- 
iipheral poitions of the cord, and retrograde degeneration in the anterior horn 
cells Lindemuldei has desciibed degenerative changes in the spinal anes- 
thetics, while Van Lier and Wossidlo demonstrated the toxic effects of 
anesthetic substances on neural tissues Liiidemulder, Hyslop and Smith 
have lecoided definite instances of neural damage following the administra- 
tion of spinal anesthetics Involvement of the cranial nerves is mentioned — 
abducens palsy seems to be the one most frequently mentioned Trigeminal, 
facial and auditory neive involvements have been referred to 

Kilman and Abbott have found stovaine to cause degeneration of the 
neive roots at the periphery of the cord and letrograde changes m the anterior 
horn cells in dogs and apes All anesthetics which contained piocame were 
shown to be myelitic and hemolytic This was proven by the experimental 
work on dogs and postmoitem examinations on patients who died following 
the use of spinal anesthesia 

They feel that othei factors than the diug may be responsible, inserting 
the needle too far, aftei enteimg the duia, admixture of blood — with resulting 
fibiosis or leptomeningitis, the needle, sti iking the anterior wall, mjuiing 
veins, and causing bleeding into the cord 

Thompson reports eight fatalities occuirmg with the use of spinal anes- 
thesia Seven of these were, possibly, piecipitated by the spinal One 
patient died suddenly following the admimstiation of the spinal, from no 
apparent cause othei than the anesthetic 

Loeser reports five cases of peiipheral neuiitis following spinal anesthesia 
All patients weie dischaiged well but developed neuiitis after long periods 
Anderson reports a case of tiophoneurotic gangrene of an extremity fol- 
lowing the use of spinal anesthesia, and leviews the literatuie listing six 
foreign authois who have described similai cases 

Hyslop, 111 discussing the nervous system sequelae of spinal anesthesia, 
stresses the fact that many symptoms may be due to trauma from the needle 
used He questions aseptic meningitis or encephalitis as tiue entities and 
concludes that theie is no evidence to show that cocaine or its derivatives 
produce permanent central nervous system damage He does, however, 
mention the hemolytic and myelolytic actions of the drug 

Koster and Wientiob review 6,000 cases m which spinal was used, with 
nine deaths which might be attributed to the anesthesia In none of these 
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cases did postmortem examination reveal any definite evidence that spinal 
anesthesia played any part 

Personal Expediences — The gieat utility of spinal anesthesia under cer- 
tain circumstances is recognized by nearly every surgeon There are still 
a goodly number of agnostics, but their number is decreasing, about paralleling 
anothei phenomenon and one even more fortunate a decrease in the number 
who have, heretofore, been unalterable advocates of the method as a routine 

Table I 

MORTALITY FOLLOWING 10,000 CONSECUTIVE OPERATIONS 
{All Performed on Structures Below the Diaphragm) 

5,000 Consecutive Operations Under Spinal Anesthesia 


Deaths 351 

Mortality 7 02% 

Deaths in operating room 3 

Percentage of deaths occurring in operating room to total 

hospital deaths under spinal o 88% 

5,000 Consecutive Operations Under General Anesthesia 

Deaths 255 

Mortality 5 l % 

Deaths in operating room* 12 

Percentage of deaths occurring in operating room to total 
hospital deaths under general anesthesia 4 7% 


* Operating room deaths under general anesthesia show too high a 
figure — most occurred several years ago, when the anesthetic was 
straight ether 

(Only two operating room deaths occurred in the last 3,000 opera- 
tions, all performed under cyclopropane- ether ) 

Table II 

DEATHS IN OPERATING ROOM IN 5,000 CONSECUTIVE OPERATIONS BELOW DIAPHRAGM 

(spinal) 

Three Patients Who Died in Operating Room Under Spinal Anesthesia 
Sex Age Pathology 

1 F 52 Supravaginal hysterectomy Autopsy (i) Miliary tuberculosis, (2) 

chronic myocarditis, (3) fatty degeneration of the liver, (4) chronic 
nephntis, (5) atheroma of the aorta, (6) active pulmonary tuberculosis, 
(7) active tuberculosis of the spleen 

2 M 59 Exploratory celiotomy Carcinoma of stomach with perforating ulcer, 

peritonitis (lived 15 minutes) No autopsy 

3 M 35 Exploratory celiotomy Gastric ulcer (lived 30 minutes) Autopsy 

(i) Chronic myocarditis, (2) aortic stenosis, (3) hypertrophy and dila- 
tation of heart 

The authors believe that their experience and results have followed fairly 
closely those of men working in other clinics where spinal anesthesia is 
extensively used, and so set forth an account of their own conclusions as 
fairly representative, at least m this country, of the present status of spinal 
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Table III 


OPERATIVE PROCEDURES IN WHICH DEATH OCCURRED 


{Operations All Below Diaphragm) 



Spinal 

General 


5,000 Cases 

5,000 Cases 

Amputations 

23 

8 

Appendicectomies 

Explorator)'’ celiotomies 

45 

34 

(Chiefly for carcinoma) 
Herniorrhaphies 

53 

49 

(Strangulated) 

(4 Nonstrangulated) 

28 

9 

Operations upon gallbladder and ducts 
Operations upon kidney, bladder and 

52 

28 

prostate 

32 

35 

Operations in pelvis 

Operations upon stomach, intestines. 

33 

24 

etc 

81 

50 

Miscellaneous 

4 

18 

Totals 

351 

255 


Table IV 

RATIO or DEATHS TOLLOWING INHALATION ANESTHESIA (S.OOO) 
TO THOSE FOLLOWING SPINAL ANESTHESIA (5,000) 



Spinal 

General j 

In operating room 

3 

13 

1st 12 hrs postoperative 

15 

26 

2nd 12 hrs postoperative 

22 

24 

3rd 12 hrs postoperative 

34 

13 

4th 12 hrs postoperative 

26 

14 

Totals 

100 

90 

After 48 hrs 

251 

165 

Total deaths 

351 

255 


Mortality"' 


7 02 % 


5 1 % 

2 96% 


Hospital operative mortality as a whole , . „ 

(All were consecutive cases and all operations were performed on 
structures below the diaphragm ) 


* The 2 per cent mortality difference between spinal and ether m 
the above report is not significant In a previous study of 2,000 
consecutive spinal and 2,000 consecutive general cases, the mortality 
stood respectively 6 5 per cent and 6 8 per cent In the last senes, 
the more senously ill and worst nsk cases were handled under 
spinal, probably accounting for the slightly increased mortality 

Several years ago, the senior author^ compared the results following the 
administiation of spinal to 2,000 consecutive patients with those following the 
a.dmmistration of vaiious forms of inhalation anesthesia to a like number, 
4,000 operations 111 all, performed by himself m the same operating room 
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and with the same operating room personnel, on structures below the dia- 
phragm The hospital mortality was found to be equal for the two methods 
In the present paper, a series of 5,000 consecutive operations under spinal 
IS taken as a text All operations were performed by the senior author or 
by his assistant, m the same operating room, and under like conditions The 
patients weie followed, during their convalescence, with that degree of care 
permitted only the surgeon who lives constantly m the institution with his 
patients, and, therefore, in the closest touch with their progress 

Table V 

ANALYSIS OF DEATHS IN OPERATING ROOM* 

(5,000 Consecutive General Anesthesias) 

Twelve Patients Who Died in Operating Room Under General Anesthesia 



Sex 

Age 

Operative Procedure 

I 

P 

35 

Suturing traumatic rupture of the uterus, advanced peritonitis 

2 

F 

29 

Salpmgo-oophorectomy, cardiorespiratory failure 

3 

F 

66 

Appendicectomy, gangrenous appendicitis, cardiorespiratory failure, peri- 
tonitis 

4 

M 

60 

Exploratory celiotomy (chronic cholecystitis and pancreatitis), chronic 
myocarditis, cardiac failure 

5 

M 

62 

Closure — perforated duodenal ulcer, generalized pentonitis 

6 

F 

26 

Exploration — retropentoneal sarcoma, cardiorespiratory failure 

7 

M 

36 

Secondary, exploratory celiotomy, hemorrhage following gastro-enter- 
ostomy performed 17 days previously 

8 

P 

29 

Salpingectomy, ectopic pregnancy, extensive preoperative hemorrhage 

9 

M 

60 

Died of intestinal obstruction before incision could be made 

10 

M 

15 

Open reduction and plating, fracture of the femur, cardiorespiratory failure 

II 

F 

27 

Cesarean section (prolonged labor with exhaustion and toxic contracture 
of uterus) 

12 

M 

29 

Amputation of toe (diabetic gangrene of toe with cellulitis of foot) 


* Most occurred several years ago — and under straight ether But two operating room 
deaths occurred in the last 3,000 operations under general anesthesia — all under cyclopro- 
pane-ether 

The advantages of spinal anesthesia, the ease with which it may be ad- 
ministered, the almost complete relaxation it produces and the generally 
satisfactory postopei ative results have received widespread acceptance How- 
ever, that the method is not free of danger and, at times, is followed by 
serious complications, is also realized The occasional appearance of alarm- 
ing and unexpected sequelae m the human, and the easy confidence with 
which the procedure is condemned by certain laboratory workers, whose 
researches upon animals lead them to conclude that serious changes in the 
meninges and cord all too frequently occur, have caused the method to be 
the subject of severe and widespread criticism It is with this especially in 
mind that the authors have reviewed their own personal experiences and 
have examined them in the light of what has been recently written on the 
dangers, complications, untoward results, etc , of spinal anesthesia 

We have long known that spinal anesthesia should never be a method to 
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employ routinely Neitliei should any othei single form of anesthesia, foi that 
matter, also, we have leahzed, as have most surgeons, that the method is 
most applicable m operations below the diaphragm — better, below the level 
of the umbilicus — ^and we have appreciated that there aie definite contrain- 
dications to the method and that, while there are many technics being em- 
ployed, theie aie but one oi two that are best 

In evaluating the compaiative safety of an anesthetic, we have no re- 
couise but to compare it with open diop ether or gas-ether, quite univei sally 
considered the safest of all anesthetic methods This plan we have followed, 
especially m leference to operating room deaths, deaths in the first four days 
m i2-hour groups and, finally, hospital deaths 

Table VI 

RESULTS or QUESTIONNAIRE TO POSTSPINAL PATIENTS 

(i,i75 Letters pii Replies) 

(1) Have 3’'Ou ever had ether or gas anesthesia before having spinal? 

Yes — 391 
No — 520 

(2) If yon were operated upon again, would 3’'ou choose spinal? 

Yes — 736 — 80 7% 

No —137— 15 0% 

Undecided — 38 

Next the question of postoperative moibidity, of hospital and posthos- 
pital complications of a temporary or peimanent nature, has been considered 
Here one luns into a difficulty for, with the exception of certain respiratory 
complications which are now considered to be no less common after spinal 
than after inhalation anesthesia, surgeons do not commonly think of serious 
complications attiibutable to inhalation anesthesia While m the considera- 
tion of postoperative mishaps, inhalation anesthesia usually goes scot free, 
there have, however, been endless reports of temporary or permanent com- 
plications following the injection of various anesthetic drugs into the sub- 
arachnoid space 

It IS hardly fair, however, to consider inhalation anesthesia as completely 
free of danger The safety of open drop ether has been axiomatic — its de- 
pendability and freedom from unexpected untoward effects have rendered 
It proveibially a safe anesthetic equaled only by some of the newer gases, 
especially ethylene and cyclopropane It has, however, been disheartening to 
recently learn that these two anesthetics, first ethylene and now, more re- 
cently, cyclopropane, possess smoldeiing pioperties of terrifying power which 
are capable of being unloosed unexpectedly and with fearful and often tragic 
lesults Over 150 explosions of gas or gas-ether mixtures, 79 of which 
have been carefully investigated, and m which 22 persons have lost their 
lives, have occurred duimg the past few years These unfortunate occur- 
lences have boosted the stock of other anesthetics, ether again, and with it 
spinal As the latter had a reputation by no means devoid of obliquity, it 
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has greatly needed some revivif)ang from the low estate into which it has 
sometimes fallen The unexpected and unpredictable leactions it may pro- 
duce, even resulting in sudden death from acute respiratory paralysis, and 
especially the late neuromusculai complications which may follow its admin- 
istration have all freely been broadcast and much to its detriment 

Table VII 

QUESTIONNAIRE TO POSTSPINAL PATIENTS 
Did you ever have ether or gas anesthesia before this operation? 

Yes — 215 
No — ^290 

Of the 215 patients who had both spinal and general anesthesia, 154 
would choose spinal were they to be operated upon for a third time, or 
approximately 72 per cent 

QUESTIONNAIRE TO PATIENTS HAVING AN ANESTHESIA (sPINAL) 
rOR THE FIRST TIME 

Would you choose spinal anesthesia if you were operated upon again? 

Yes — 416 
Undecided — 15 
(depending on operation) 

No — 89 

Of 505 patients answering questionnaire, 82 3 per cent would choose 
spinal for their next operation were it advisable 

We have in oui own clinic, foi years, been on the watch foi these un- 
toward conditions While headaches have occurred, but wuth decreasing 
frequency, we have never seen m the hospital a single example of serious 
cord or meningeal injury Foot drop, which has often been referred to as 
a common result of mtraspinal injections, we have never seen Neither have 
we ever had a patient who, befoie leaving the institution, has called our 
attention to impaiiment of motoi function, to interference with the anal or 
vesicle sphincter control, to anesthesias, or paresthesias, 01 other evidences 
of definite nerve damage We have nevei seen paralysis, either complete 
or partial, and certainly never the appearance of decubitus ulcers, retention 
of urine and feces or symmetric muscular atrophy, fiequently referred to 
Occasionally, and usually months after the patient’s discharge, either di- 
rectly or otberwnse, word has come to us of his complaining of persistent 
pain in the back, of vague numbness in the lowei extiemities, or, very un- 
usually, of persistent headache These reports have prompted further efforts 
toward investigating, by diiect communication with the patient and, when 
feasible, by an office examination, to what degree actual nerve damage had 
occurred Furtheimore, to determine how great the incidence of late com- 
plications has been, 50 letteis were sent to physicians who regularly refer 
the largest number of patients to us for surgical treatment, as well as 1,000 
letters to patients upon whom we had operated upon under spinal anesthesia 
one year or more before 
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It IS inteiesting to note that in following the patients who reported post- 
opeiative complains, most weie found to have symptoms m no mannei 
1 elated to the anesthetic Foi example, one patient emphatically denounced 
spinal anesthesia because of numbness in hei legs and progiessive loss of 
motor function m the lowei extiemities The patient had had a plastic 
opeiation peifoimed foi cystocele and lectocele undei spinal anesthesia Some 
months latei, she leenteied the hospital complaining of the loss of strength 
and leg weakness, fiimly believing it to be due to spinal anesthetic Sub- 
sequent studies showed that she had lapidly progressing pernicious anemia 
with associated cord changes Howevei, this patient is not convinced that 
it vas not the spinal that accounted foi her trouble and, as her story has 
become veil known, it is laie that a patient comes from her community 
but refuses to have spinal administeied Similar situations have aiisen in 
othei communities where spinal anesthesia has become widely condemned 
because of postopeiative complications, imagined or otherwise, and yet in no 
possible way the result of the pi ocedtire One patient, who has an advanced 
chronic pol)'arthiitis, attiibutes hei tiouble to a spinal anesthetic administered 
some yeais ago, while still anothei, letuining for examination in answer to 
our questionnaire and complaining of pain in hei legs, was found to have 
cardiac decompensation with edema and extensive phlebitis 

In reviewing the literatuie dealing with postspinal injection complica- 
tions, we have been impiessed by the fact that m many instances, if not m 
the majorit}^ untowaid effects have appealed following the injection of 
drugs administered m combination, and that the complications seem to be 
of a lowei incidence when procaine alone has been used We are not con- 
vinced of the utility or safety of injecting with the anesthetic, strychnine, 
alcohol, starch oi any of a dozen accessoiy substances so fiequently hailed 
as valuable adjuncts 

We aie amazed at the high incidence of serious postopeiative effects 
which have been ref ei red to by ceitam surgeons who have been led, from 
their unfortunate expeiiences, to uige that spinal anesthesia be restricted to 
a special gioup of patients oi, peihaps, never to be used at all We would 
long since have turned away from spinal anesthesia had we, if but occasionally, 
had the harrowing expeiience of seeing our patients develop meningitis, 
“aseptic” or otherwise, cauda equina neuritis, tiansverse myelitis, or lumbar 
radiculitis, as mentioned by Block and Ins associates 

It IS probably true that many writeis, particulaily those speaking m en- 
thusiastic advocacy of spinal, fiequently are unaware of and, therefore, omit 
reference to nervous system mjur}^ yet we lepeat that with an open-minded 
approach to the subject and after a caieful watch over a period of many 
years, we have not discovered prominent or even mild complications m our 
patients which would lead us to consider spinal a procedure possessing dangers 
outnumbering those commonly ascribed to other popular forms of anesthesia 

Toxic myelopathy, extensive destruction of the myelin sheath, axis-cylin- 
ders and gha, mostly at the periphery of the cord and at the zones of en- 
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trance of the posterior roots, have been the chief findings at postmortem 
examinations of patients dying from coid lesions (Brock), following sub- 
arachnoid injection of cocaine derivatives Changes in the ganglion cells 
of the anterior and lateial horns have been found in toxic and experimental 
myelopathy induced by various spinal anesthetics 

No doubt, if it were possible for every patient, during the postoperative 
course, to have a careful neurologic examination by an unbiased and skilled 
examiner, much evidence, not obvious to the surgeon, indicating at least 
transitory irritation of the cord or its membranes would be discovered in 
every clinic where spinal is used And this applies to our own Neverthe- 
less, in its daily use over a period of ten years in thousands of cases we do 
not recall a single incident in which the patient complained of symptoms of 
any consequence and which could be blamed on the method, or do we recall 
any patient whose convalescence was prolonged by a postspinal complication 
Of 515 consecutive patients having had spinal, who replied to a question- 
naire, 130 had transitory headaches, while 375 had none Of the 130 having 
had it, 69, or 53 per cent, were subject to it anyway One hundred thirty- 
seven reported they experienced some postoperative numbness or pain, while 
368 experienced no such discomfort whatever Of the 137 having trouble, 
66 experienced it but a few hours Of the 137, 74 stated they would choose 
spinal if they had to be opeiated upon again To the question “Did you 
have any other unpleasant reactions?” 70 replied yes, while 435 replied in 
the negative Of the 70, 54 mentioned as their chief complaint backache 
of varying degrees and remaining present for from one week to several 
months The majority, complaining of backache, stated that the pain occurred 
near the surface and at the point where the needle had been inserted Of the 
relatively few patients who reported remote complaints, more, by far, referred 
to backache than to any other symptom 

Among the 5,000 consecutive operations under spinal, all performed below 
the diaphragm, there have been three deaths in the operating room, one in 
the first 2,000 and two in the remaining 3,000 

Of the two patients dying in the latter 3,000, one was a male, age 59, 
operated upon for a ruptured, carcinomatous ulcer of the pylorus, with 
peritonitis, who died 15 minutes following the administration of 120 mg of 
neocame No autopsy was obtained 

The second was a male, age 34, who died 30 minutes following the ad- 
ministration of 200 mg of novocain, the operation being an exploratory 
celiotomy for gastric ulcer Autopsy revealed a chronic myocarditis and 
chronic endocarditis with aortic stenosis, cardiac hypertrophy with dilata- 
tion From the pathologist’s findings it was obvious that the patient might 
have as promptly succumbed under a general anesthetic 

While among our last 3,000 patients operated upon under spinal, there 
were two deaths in the opeiating room, at the same time, with a consecutive 
series of 3,000 patients operated upon for lesions below the diaphragm, and 
under general anesthesia, there were also two operating room deaths 
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A questionnaire was sent to the 50 doctors who refer us the greatest 
number of patients Thirty-six responded, 31 of whom stated that they 
have had no complaints from their patients Five doctors returned the 
questionnaire giving the names of six patients who had postoperative symp- 
toms Five of these have been examined with the following results 

One, who complained of pain m her left leg, has chronic phlebitis 

One, who complained of headache for two weeks after operation and 
which cleared up spontaneously 

One, who complained of girdle pain, has developed a small recurrent 
incisional hernia She weighs 250 pounds, is definitely hypothyroid and is 
being treated 

One complained of pain and weakness in her ankles These have been 
swelling for eight years She has shortness of breath On examination she 
was found to have a systolic mui mui , marked varicose veins, and pitting edema 
of both ankles She was placed on medical treatment and her symptoms are 
improving 

One, a woman, age 48, complained of severe girdle pains and pains m 
her extremities Check-up examination showed her to be suffering from a 
chronic polyarthiitis with maiked deformities of all the joints of her hands 
and feet Roentgenologic examination revealed marked spondylitis of the 
lumbar vertebrae 

All of these patients fiom whom complaints weie received were women, 
well beyond middle age In all instances, we found that spinal anesthesia 
had nothing whatei^er to do with their present symptoms 

CONCLUSIONS 

(1) Spinal anesthesia, as a method of rendering insensibility of pain, is 
of the very greatest utility 

(2) It IS a safe pioceduie, as anesthesias go, and when measuied m a 
comparative study of 10,000 operations performed by the same surgeon, was 
found to equal the safety of geneial. 

(3) The likelihood of operating room deaths is no greater with spinal 
than with general anesthesia 

(4) With propel technic, the likelihood of seiious nerve and meningeal 
damage is infinitesimal 

(5) Most abdominal operations are gieatly facilitated by this method 
For ceitain ones, it is almost impossible to operate without it 

(6) In many opeiations extensive trauma under general anesthesia is 
inevitable In such instances the risk of spinal, if any exists, is more than 
offset by the decreased risk resulting from the lessened viscei al trauma made 
possible by the more complete relaxation 

(7) Spinal IS a procedure against which there has been a gieat deal 
of criticism, based largely upon bad results following poor selection of patients, 
and, especially, following improper technic The method is one not for routine 
application and, when used, must be sktllftiUy administered, 
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(8) It IS quite probable that other drugs of lesser toxicity, and of even 
greater potency, will yet be synthesized, ultimately rendering spinal anesthesia, 
especially in major surgical operations below the diaphragm, the most gen- 
erally satisfactory, indeed the safest, of all known forms of anesthesia In- 
deed, it is not fai fiom that status now 
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SPINAL ANESTHESIA IN ABDOMINAL SURGERY=*' 

Roscoe R Graham, M B , and W Easson Brown, M B 

Toronto, Canada 

Spinal anesthesia has been developed to a degree which has pioved 
its usefulness The conflicting opinions expiessed legaiding this means of 
inducing anesthesia seem iiieconcilable The fact that such a variety of 
anesthetic diugs is employed indicates eithei the inadequacy of these drugs, 
or an mcoirect method of admmistiation The undesirable sequelae re- 
ported would seem sulflcient to utteily condemn the piocedure The amount 
of scientific nonsense vhich has been bioadcast in lespect to spinal anes- 
thesia IS amazing On cai eful enqiiii y, many statements condemning the pro- 
cedure are based on heaisay unsuppoited by scientific facts An analysis 
of many of the lepoited shoitcommgs will reveal the fact that the anesthetic 
was not administered and supei vised by a competent anesthetist We cannot 
too stiongly condemn the suigeon who gives his own spinal anesthetic and 
leaves the supei vision of the anesthesia to an indifferent associate 

A death dining or immediately following an ether anesthesia, because 
of the supposed safety of this anesthetic agent, is accepted as inevitable, and 
soon foi gotten The slightest discomfoit oi unusual happening following 
an operation peifoimed under spinal anesthesia is often attributed, unques- 
tionably, to the spinal anesthetic, with no attempt to support such condemna- 
tion by facts 

To assess pioperly the value of an anesthetic agent, one must take 
cognizance of not only the patient’s condition duimg the operation, but also 
during the convalescence The ideal anesthetic must achieve 

(1) Safety 

(2) Freedom fiom discomfoit duiing administration 

(3) Abolition of pain and muscle spasm of sufficient duration to 
cany out piolonged and complicated operative procedures 

(4) A state of lelaxation which permits caieful and accurate dissec- 
tion without tiaumatic leti action 

(5) Fieedom fiom postoperative sequelae 

No single anesthetic agent, so far evolved, can fulfill all these conditions 
Under certain conditions spinal anesthesia fulfills these requirements to a 
greater degree than other anesthetic agents either singly or in combination 

Where is spinal anesthesia of the gi eatest value ^ While it has been used 
extensively by Shenstone and Janes^ in thoiacic surgical procedures, it is 
in operations within the peritoneal cavity where it has contributed so much 
to the advantage of the patient This is particularly true where the surgical 
procedure is earned out m the upper abdomen 01 on the colon or rectum 

*Read before the American Surgical Association, Hot Springs, Va, May ii, 12, 

13, 1939 
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The ability to carry out a careful atraumatic operative dissection in a 
difficult upper abdominal lesion reflects an advantage to the patient in sev- 
eial ways An adequate operation can be carried out, thus ensuring to 
the greatest degree fieedom from futuie trouble Primary healing with a 
minimum of wound reaction takes place Lesions, questionably operable 
with inhalation anesthesia, can often be dealt with effectively This is par- 
ticularly true of a high-lying gastiic ulcer or gastric cancer Because of 
the ease and safety of exposure of the common bile duct with spinal anes- 
thesia, in a study of the last 31 1 cases, we explored the common bile duct 
in 469 per cent, and in the cases of calculous cholecystitis removed stones 
from the common bile duct in 21 4 per cent This is at variance with our 
experience m biliary surgery undei inhalation anesthesia, when, because of 
technical difficulties, largely the result of inadequate exposure, exploration 
of the common bile du^l added greatly to the operative mortality, and hence 
such exploration was only undertaken when it was obvious that a stone was 
present The number of common duct stones that were overlooked is only 
now becoming apparent Should not such increased mortality and morbidity 
properly be assesed as due to the inadequacy of inhalation anesthesia, 
rather than to the inadequacy of technical surgical skill m the face of a 
serious pathologic lesion^ As the result of an analysis of the last 51 1 opera- 
tions upon the biliary tract carried out under spinal anesthesia, we now 
may open the common duct whenever oui'" judgment suggests such is wise, 
having satisfied ourselves that this procedure will not increase either the 
mortality or the morbidity of the operative procedure 

The gentleness with which a perforated duodenal ulcer is exposed while 
tying a fat graft m place to close the perforation^ is of the utmost importance 
in decreasing the mortality from this lesion Spinal anesthesia achieves 
this Further, the vigoious respiratory efforts associated with the induction 
of inhalation anesthesia are a great factor in disseminating the gastroduo- 
denal contents which have been expelled through the perforation Spinal 
anesthesia eliminates this The routine use of spinal anesthesia in patients 
suffering from an acute perforation of a duodenal ulcer has in no small 
measure contributed to the recovery of 72 out of 76 such patients con- 
secutively admitted to and operated upon by the staff of the First Surgical 
Division of the Toronto General Hospital However, such advantages avail 
little unless accompanied by immediate safety and an absence of disastrous 
sequelae 

Our observations are based on an experience with 13,136 spinal anes- 
thesias earned out by the Anesthetic Staff of the Toronto General Hospital, 
between January i, 1930, and January i, 1939 We have also made an 
analysis of 1,918 cases upon which one of us has operated, in which there 
were 202 hospital deaths The analysis reveals a death rate of 10 4 per cent 
m this group of cases operated upon under spinal anesthesia When one 
realizes that included in this group are the cases of serious and advanced 
malignancy, as well as the cases of acute intestinal obstruction, this mor- 
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IS not forbidding The opei ati ve moi tality of one of us has ranged f i om 
I I to 6 4 pel cent per annum over the nine-year period, averaging 4 i pei 
cent In view of the fact that we have been cairying out, whenever possible, 
palliative lesections in the advanced cases of gastio-intestinal malignancy 
dining this peiiod, it impi esses us that spinal anesthesia has in no small 
degiee contiibuted to this low opeiative mortality 

A critical analysis of the 202 deaths m patients opeiated on under spinal 
anesthesia leveals three deaths which occuiied on the table and two shortly 
after letuin to the waid, which might be contributed to by the anesthetic 
An analysis of these cases follows 

ANALYSIS OF FIVE PATIENTS DYING AFTER SPINAL ANESTHESIA 

Case I — H R , male, age 52, weight 270 pounds Operation upon biliary tract 
Spinal anesthetic Novocain crystals, 400 mg dissolved in 10 cc of spinal fluid injected 
at the level of lumbar IV to V at the rate of one cubic centimeter every four seconds 
When peritoneal cavity was opened, respirations ceased suddenly At autopsy, fatty 
degeneration of heart and liver In absence of any other satisfactory explanation, death 
IS attributed to the anesthetic, with the suggestion that despite his weight of 270 pounds, 
400 mg of novocain crystals was probabh’- an excessive dose 

Case 2 — W S A , male, age 71 Pei forated duodenal ulcer Spinal anesthetic 
novocain crystals, 200 mg, dissolved m nine cubic centimeters of spinal fluid, injected at 
the rate of one cubic centimeter every thiee seconds As the abdomen was opened and 
the ulcer visualized, he died suddenly No autopsy was obtained He had previous 
severe cardiovascular disease, and one suspects a cardiovascular accident, but in the 
absence of an autopsy we must attribute death to the anesthetic 

Case 3 — F W , male, age 68 Jaundiced , stone in the common bile duct Spinal 
anesthetic Nupercaine i in 1,500 dilution Eighteen cubic centimeters injected between 
third and fourth lumbar veitebrae, taking 15 seconds for the injection One and one- 
half hours after the administration of the anesthetic, systolic pressure fell , respirations 
ceased Heart continued to beat for a few minutes Autopsy revealed massive bilateral 
pulmonary collapse, with no obvious explanation, hence death attributed to anesthetic 
Case 4 — J H , male, age 71 Abdominoperineal excision of the rectum Spinal 
anesthesia Nupercaine, 17 cc of i in 1,500 dilution, injected between the second and 
third lumbar vertebrae On return to bed, sudden unconsciousness, cyanosed, gasping 
respirations , death in few minutes We suspected a cardiovascular accident, but were 
unable to secure an autopsy to support this, hence attribute death to anesthetic 

Case 5 — J R, male, age 54 Recurring jejunal ulcer Spinal anesthesia Nuper- 
caine, 17 cc of I in 1,500 dilution, injected Was given, during the operation, a sedative 
m the form of two intravenous injections of sodium amytal, the first injection being three 
giains and the second four grains This was followed by supplementary deep ether 
anesthesia Returned to bed, but had respiratory difficulty, was cyanosed, and never 
regained consciousness At autopsy, no obvious cause of death found It is presumed 
that the anoxia from which he suffered during the induction of his ether anesthesia pro- 
duced cerebral damage which resulted in his death 

In Case 4 it is suggested that the change to the jack-knife position for 
the perineal stage was a contiibutmg factor to the patient’s death The 
systolic piessure fell at this time The furthei change of position on re- 
turning the patient to bed was accompanied by a further disturbance of cir- 
culation This experience has led us to carry out the second stage of an 

865 



GRAHAM AND BROWN 


Annals of Surgery 
November 10 39 


abdominoperineal lesection of the lectum with the patient in the left lateral 
position This we find is accompanied hy much less cardiovascular upset 
In Case 5, because of restlessness, sodium amytal was given intiavenously 
during the operative procedure, on two occasions, a total of seven giams 
being administered It was then necessaiy to give supplemental inhalation 
anesthesia Open ether was used This was veiy difficult because the heavy 
sedation pioduced depressed respiration It is suggested that the associated 
anoxia produced sufficient cerebral damage to explain the fatality 

During 1938, on the University Surgical Service of the Toronto General 
Hospital, a careful recoid was kept of all the sequelae which followed upper 
abdominal operations During this period many of the anesthetics were 
given by interns of vaiying ability For this leason, m many cases where 
spinal anesthesia was used, relatively large boie needles of No 19- 01 20- 
gauge weie used for the spinal puncture The foot of the bed was not ele- 
vated when the patient was returned to the ward 

The senes includes 93 opeiatioiis upon the biliary tract, 49 gastiic 
resections, ii perforated ulceis of the stomach 01 duodenum and five miscel- 
laneous operations, a total of 158 opeiations, 144 of which weie carried out 
under spinal anesthesia This most eloquently expresses the preference of 
the Staff for spinal anesthesia in the major uppei abdominal operations In 
Table I are detailed the chaiacter and incidence of the postopei ative sequelae 
following these opeiations 

Table I 

POSTOPERATIVE SEQUELAE FOLLOWING 1 44 SPINAL ANESTHESIAS 


Pulmonary collapse, even minor degree 

15 

% 

Pneumonia 

4 

% 

Headache 

3 

7 % 

Urinary retention less than 24 hrs 

10 

1% 

Urinary retention longer than 24 hrs 

8 

2% 

Abdominal distention, even minor degree 

19 

% 

Deaths in hospital 

10 

1% 


The 10 I per cent moitahty in this gioup on the University Service is 
piactically the same as for the same group of private patients Of the 144 
patients who were operated upon under spinal anesthesia, 14 died A careful 
analysis of these deaths fails to include, in any instance, the spinal anesthetic 
as a contributing factor in the patient’s death The shortest interval be- 
tween operation and death was three days Eight died of peritonitis , two 
of pulmonai y emboli , one of coronai y thrombosis , two of pneumonia and 
one of cholangitis There has not been a single tragedy as a sequelae The 
only nerve lesion was a paresis of the left third neive, which cleared up 
m less than three weeks The anesthetic staff have no explanation of this 
occurrence It was not accompanied by any other unusual occurrence It was 
discovered the day following operation, and is thus attributed, rightly or 
wrongly, to the spinal anesthetic 

The necessity for cathetenzing the patients postoperatively is more fre- 
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queiit than aftei inhalation anesthesia While the incidence of chest com- 
plications IS appi oximately the same as after inhalation anesthesia, the seiious 
lesions aie less frequent, and fatalities fiom respiiatoiy infection are mfie- 
quent Many cases diagnosed as dying fiom pneumonia postoperatively are 
found to have a fatal peiitomtis at autopsy The aspiration of the bronchi 
by a urethial cathetei, as advocated by John Alexander,"^ of Ann Arbor, has 
proven of gieat advantage m the cases with pulmonaiy collapse The vol- 
ume of mucus which it is possible to aspiiate by this procedure is surprising 
Despite these sequelae, the benefits of the anesthesia m our opinion 
outweigh the disadvantages, and indeed, apait fiom the necessity of more 
frequent postoperative catheterization, we believe the sequelae are no more 
than those following inhalation anesthesia with ether 

AVhy, then, is theie such a conflict of opinion regarding the value of 
spinal anesthesia^ This we believe results fiom two sources First, the 
character of the di ug used , and second, the experience of the anesthetist 
The drugs used for inducing anesthesia aie either (A) Isotonic with the 
spinal fluid (B) Heavier than the spinal fluid (C) Lighter than the 
spinal fluid 

When a ditig is used in which the level of anesthesia is determined only 
by elevation oi depression of the patient’s toiso, we believe the factor of 
error and the possibility of accident aie too gieat to wairant its use For 
this reason we have nevei used such agents, of which spinocame, and more 
recently pontocame and glucose, are the most popular We prefer to use 
as anesthetic agents those in which the height of anesthesia is determined by 
the volume of fluid injected into the spinal canal The natural curve of 
the spinal column is utilized as a protection against respiratory paralysis 
which results if the anesthetic i caches the cervical legion The drugs we 
use are procaine and nupercame The foimei is used if the operation will 
be of less than one hour’s duiation, or in the cases where it is impossible 
for the patient to he on the abdomen, as is necessary if nupercame is used 
This latter drug almost invariably will give adequate anesthesia for at least 
two hours In our experience there is less fall of the systolic blood pressure 
with nupeicame than with piocaine, although with expert supervision this 
disturbance may be conti oiled adequately in most instances 

The second factor which has led to the condemnation of spinal anes- 
thesia IS an erroneous method of administi ation We cannot too strongly 
condemn the practice of a suigeon being his own anesthetist The technic 
of administering the anesthetic is important, but of no more importance than 
the preparation of the patient for the anesthetic, or the intelligent supervision 
of the patient thioughout the whole opeiative piocedure Spinal anes- 
thesia is a dangerous anesthetic agent unless admmisteied and supervised 
by an expert anesthetist trained in spinal anesthesia 

With the exception of the inci eased incidence of postoperative catheteriza- 
tion, the complications seen on the University Service aie conspicuous by 
their absence On the piivate side particularly, is this true of headache and 
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abdominal distention Headache now is a rarity following spinal anesthesia 
In the clean abdominal cases, postoperative distention as a complication is 
infrequent, much dilferent from our experience with the same type of case 
when the operation was cairied out under inhalation anesthesia This free- 
dom on the private side from postoperative complications after spinal anes- 
thesia can be due only to the fact that in each instance the patient is pre- 
paied, anesthetized and supervised by an expert medical anesthetist This 
we believe to be of the utmost importance, if we are to secure the greatest 
advantages from the use of spinal anesthesia 

The following is the technic which we have come to adopt We shall 
discuss the four stages which we believe to be important 

(A) Selection oj the Patient — With increasing expeiience, we have ex- 
tended the use of spinal anesthesia very greatly Emergency operations 
have been necessary when we felt it wise to modify our previously deter- 
mined contraindications and use spinal anesthesia, and to our delight the 
patient benefited As a result of such experience we have gradually de- 
creased our contiamdications In the eldeily patient, with severe cardio- 
vascular disease associated with hypertension, or a history of previous 
vascular accidents, spinal anesthesia is given only if the disease be of a lethal 
chaiacter and when perfect lelaxation permitting meticulous atraumatic dis- 
section is essential to recoveiy We gradually are being convinced that 
with adequate collateial support few patients need be denied the advantages 
of spinal anesthesia In patients wnth carcinoma of the stomach oi colon, 
adequate contraindications must be advanced to deny such patients a spinal 
anesthetic We believe, in diseases of such seiiousness, such contraindica- 
tions must be extremely lare A surgeon W'ho opeiates upon a patient suf- 
fering with acute intestinal obstruction using inhalation anesthesia, if 
adequate facilities for spinal anesthesia are available, is guilty of malpractice 
In the presence of an acute mti aperitoneal inflammatory lesion, such as a 
peiforated ulcer or a peifoiated appendicitis, the advantages of the “still” 
peiitoneal cavity accompanying spinal anesthesia aie obvious 

(B) Pi epai ation of the Patient — The adequate restoration of body fluids 
and salts should be always assuied betore anesthesia This may be accom- 
plished by the oial or intravenous administi ation of fluids Blood transfusion 
is of great help on occasions So much importance do we place on the 
correction of the biochemical upset, that we will defer operation for some 
hours, even when the diagnosis be that of a peiforated duodenal ulcer To 
administer a spinal anesthetic to a dehydrated oi exsanguinated patient, is 
to court disasters which cannot propeily be charged to the anesthetic pro- 
cedure, but to pool judgment and inadequate knowdedge of the collateral 
disturbances which accompany such states 

Adequate preoperative sedation is of the utmost importance The vari- 
able definition of “adequate” explains further conflict of opinion regarding 
the merits or demerits of this anesthetic procedure If we achieve for the 
patient a drowsiness which is accompanied by an utter disregard for t e 
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sui roundings, we believe we have adequate sedation Anything short of this 
IS inadequate With inadequate sedation we have an apprehensive patient, 
with all the associated physiologic and biochemical phenomena Most im- 
portant fiom our standpoint aie an acceleration of the pulse and increased 
lespiratoiy late Nausea duimg the opeiation is very raie m the presence 
of adequate sedation To achieve adequate sedation, the following medica- 
tion is administered Staitmg ij 4 horns pi eoperative, we give to adult 
patients morphia Gi ji, hyoscme Gi 1/200 Thiee-quaiteis of an hour pre- 
operative, we give morphia Gi 1/6, hyoscme Gr 1/400 (m female patients 
morphia Gr %) One hour preoperative, nembutal Gr per os — ^this 
repeated in 20 minutes if patient not dozing, and if aleit on reaching the 
opeiating theater, a further Gi is repeated This latter dose of nem- 
butal is laiely necessary If, after the anesthetic is administered, the patient 
IS still wakeful or nauseated, sodium ainytal is administered intravenously 
If intravenous fluid is being administeied, the sodium ainytal is given slowly 
into the intravenous tubing until the patient becomes quiet Usually about 
two giains will suffice and often no more is requiied If after some time 
the patient shows signs of restlessnes, further administration of approximately 
one grain may be administeied, the patient’s quietness being the criterion 
of dosage If, howevei, the duration of the operative proceduie is such that 
there is a possibility of supplementary inhalation anesthesia being necessary, 
all intravenous sedation should be withheld and inhalation anesthesia given 
111 its place, the agent used being either nitrous oxide, cyclopi opane or a com- 
bination of eithei with ether The difficulty and danger of administering 
supplementary anesthesia with heavy sedation is too obvious to lequire 
discussion For this leason, if supplementary anesthesia is necessary 111 an 
upper abdominal operation, we use splanchnic anesthesia and field block of 
the abdominal wall The technic popular ized by Finsterer, of Vienna, we 
have found adequate and of great advantage By such we avoid the necessity 
foi deep inhalation narcosis 

(C) Technic of Admmistering the AnestJiefic — Before the anesthetic is 
administered, a hypodermic injection of Gr ^ of ephediin is given the 
patient lies on the side with the knees drawn well up and the back bowed 
with the assistance of a nuise A midline puncture of the spinal canal is 
made with a shaip shoit-beveled No 22-gauge needle We are convinced 
of the value of the small gauge needle The level and duration of anes- 
thesia IS deteirained by the volume injected With nupercaine we always 
use a solution of 1-1,500 dilution, and in a difficult and complicated gastric 
case have injected as much as 19 cc without the withdrawal of spinal fluid 
The nupercaine solution is injected quite slowly, so that undue pressure will 
not occur in the spinal canal The patient is then made to he on the abdo- 
men for eight to ten minutes This step of course is unnecessary if procaine 
IS used It is of the utmost impoitance to make sure that with the patient 
lying on the abdomen, the uppei thoracic curve of the spinal column is higher 
than the cervical region A pillow placed under the chest while the patient 
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lies on the abdomen ensures this and pi events the anesthetic agent from going 
too high It IS quite unnecessaiy to tip the table If the opeiation be of 
lesser magnitude, or if foi some reason the patient cannot he on the abdomen, 
piocaine in ciystal form is substituted for nupercaine The maximum dose 
should not exceed 300 mg and is dissolved in the withdrawn spinal fluid 
Twelve cubic centimeteis volume will ensure anesthesia in the upper abdo- 
men During the operative procedure a tent is made ovei the patient’s 
head by using the end of the laparotomy sheet and a stieam of oxygen is 
run m at the rate of 60 liters per hour Ravdm® has lecently supported the 
wisdom of this piocedure During the operation, observation of the blood 
pressuie and pulse rate are made at five to ten minute inteivals, and any 
tendency to a fall in the systolic blood pressure is combated by the repeated 
injections of small doses of epinine combined with ephedrm during the 
opeiation Usually about three minims of epinme and Gr %. of ephedrm 
IS given at one dose This type of supervision enables the anesthetist also to 
anticipate the necessity foi the mtiavenous administiation of fluids before 
an acute emergency aiises 

(D) PostopC) atwe Piecauhons — ^When the patient is leturned to bed, 
an mtiavenous of at least 1,500 cc of noimal saline is administeied by the 
drip method at a rate of approximately 125 cc pei hour The foot of the 
bed IS elevated six inches for ten hours To these two proceduies, and 
the use of No 22-gauge needle foi introducing the anesthetic agent, goes the 
Cl edit foi the almost complete disappearance of “spinal headache” m the 
private cases Ovei -breathing of the patient stimulated by the administra- 
tion of caibon dioxide, togethei with a change in position of the patient fiom 
one side to the other every two hours for the first 24 hours after operation, 
does much to minimize the respiiatory complications If signs of pulmonary 
collapse, such as dulness on percussion and fine rales aie heard, the sug- 
gestion of Di John Alexander'* to aspiiate the bronchus with an urethral 
cathetei has been of great help, and the simplicity and ease of its execution 
commends itself to us If the patient has not voided in 12 to 14 hours post- 
opeiatively, an urethial cathetei should be passed This may have to be 
repeated, but we have had no case when this complication, if such it be, was 
moie than a nuisance 


CONCLUSIONS 

(1) The evolution of spinal anesthesia has reached a stage where the 
permanence of the proceduie is assuied 

(2) Its safety is in direct ratio to the experience of the anesthetist It 
must be administeied and supei vised during the operation by a physician 
specially trained m its use 

(3) Nupeicame in dilution of i 1,500 is the agent of choice, being re- 
placed by procaine when conditions prevent its use 

(4) Adequate preopeiative sedation is of great value during the opera- 
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tion in pi eventing nausea and the acceieiation of the pulse and respiiatoiy 
rate, as well as lessening the changes in the blood pressuie 

(5) A gross fall in the systolic blood piessure can be pi evented by the 
hypodermic injection of Gr ^ of ephediin immediately before admimstei iiig 
the anesthetic and the injection of small doses of epmine and ephedrm duimg 
the operation whenevei any fall m pressuie commences, furthei contiols 
seiious fluctuation of the systolic pressure 

(6) Anoxia is pi evented by a stream of oxygen run into a tent about 
the head, formed fiom the end of the laparotomy sheet 

(7) The use of a small No 22-gauge needle foi the spinal puncture 
reduces to a minimum the leak of spinal fluid from the dm al puncture The 
pievention of such a leak 111 conjunction with the iiiti a venous administration 
of fluids by the drip method and elevation of the foot of the bed immediately 
following the opeiation has piactically eliminated the “spinal headache ” 

(8) Postoperative over-breathing, stimulated by the administration of 
carbon dioxide, togethei with fiequent changes m posture, minimize the in- 
cidence and seiiousness of chest complications 
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FURTHER EXPERIENCES IN THE USE OF SPINAL 
ANESTHESIA FOR THORACOPLASTY* 

Fraser B Gurd, M D , A M Vineberg, M D , 

AND Wesley Bourne, M D 

Montreal, Canada 

FROM THE GRACE DART HOME HOSPITAL (fOR PULMO'IARA TDBERCULOSIs), MONTREAL, CANADA 

In June, 1937, a papei^ descubing om experiences m the employment of 
spinal anesthesia for thoracoplasty was read before the American Association 
for Thoracic Surgeiy At that time, we reported that, commencing in July, 
1936, we had opeiated upon nine patients and peifoimed 17 operations for 
thoracoplasty undei spinal anesthesia We now feel it advisable to report 
our experiences since that date 

Sixty-seven cases of extrapleuial thoracoplasty (including five cases of 
extrapleural pneumothoiax induction) have been operated upon at the Grace 
Dart Home Hospital since 1934 The clinic is not a large one, and during 
the two years from July, 1934, to July, 1936, 27 cases have been operated 
upon, employing during this peiiod different forms of anesthesia In this 
way we used avertm and nembutal as prehminaiy sedation or basal anesthesia, 
local novocain infiltration and nerve blocking, nitious oxide and oxygen (with 
or without ether), cyclopiopane and intravenous evipal In consequence, we 
believe, of the rather unusual nature of cases submitted to us for operative 
interference, our death late was high and the number of bronchogenic spreads 
was, also, high 

Of the first 27 cases, 15 of which showed bilateial active disease, two died 
soon aftei operation, one on the seventeenth day from hemorrhage, and four 
within six weeks of the time of operation as the result of spread of the disease 
and the onset of acute pneumonic phthisis There were altogether during this 
period eight cases in which more 01 less massive spiead of the disease oc- 
curred 

The results of operative interfeience m the early gioup of cases operated 
upon in oui institution was such that we were depiessed and disappointed 
It seemed that, especially for the type of case presenting itself at our clinic, 
inhalation anesthesia was too likely to be followed by unfavorable sequelae to 
justify the continuation of such anesthesia unless a substitute was not avail- 
able Despite the absence of favorable reports from other clinics regarding 
the use of high spinal anesthesia, we felt that were it possible to carry out 
such a procedure with relative safety during the operative peiiod the patients 
might and should be bettei in so far as postoperative unfavorable sequelae 
were concerned As Shields- had previously stated “In the presence 0 

Read before the American Surgical Association, Hot Springs, Va , May ii> 

13, 1939 
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pulmonaiy tubeiculosis spinal anesthesia would be chosen by many should 
they be faced with an abdominal operation ” 

Commencing, therefore, m the summer of 1936, we have employed, 
loutinely, spinal anesthesia foi perfoimance of extiapleuial thoracoplasty 
and the induction of extrapleural pneumothoiax Spinal anesthesia has been 
employed foi all fiist and second stages and, in many cases for the third and 
fourth stages — if the latter have been required 

In this way we have opeiated upon 42 cases Twenty-four have shown 
active bilateral disease and eight weie cases of tuberculous empyema Theie 
have been two deaths in the opeiating room In addition, we have had tliiee 
distuibmg experiences in the operating lOom All thiee of these cases weie 
similar, and the repoit of the case exhibiting the most seveie reaction is 
piesented in* some detail There have been thiee slight spreads 01 reactiva- 
tions, in all three of these, howevei, the condition has piomptly subsided 
Apart from the two deaths in the operating room, we have had no deaths 
within two months from the date of opeiation 

Case Report — Hosp No 3234, G P, female, age 19, marned, was admitted to the 
Grace Dart Home Hospital, September 14, 1937, with a history of onset of disease two 
years previously At time of admission, patient had history of cough, marked loss of 
weight, blood-streaked sputum, slight infiltration right ape\, and active disease involv- 
ing upper third of left lung Sputum was negative She left hospital against advice and 
was readmitted September 13, 1938, at which time there was an incomplete pneumothorax 
on the left side The upper two-thirds of the left lung showed active disease with an 
adherent apex which had failed to collapse under pneumothorax The right side appeared 
stationary 

Opeiation — September 28, 1938 A left-side extrapleuial pneumothorax was at- 
tempted under spinal anesthesia Approximately four inches of the fourth rib were re- 
sected and separation of the parietal pleura from the endothoracic fascia was accom- 
plished When the procedure was all but finished, patient stopped breathing and within 
a very few seconds the heart stopped beating 

A sterile towel was rapidly plugged into the wound and the patient turned on 
to her back One cubic centimeter of adrenalin was then injected into the heart through 
the fourth interspace, just to the right of the sternum The heart commenced to beat 
within a few seconds after the adrenalin injection Artificial respiration was carried 
out, approximately four minutes later the respiratory rate returned to normal, within 
ten minutes the blood pressure was sufficiently high and the heart sufficiently strong 
for the operator to continue th€ surgical procedure It is important to note that as 
soon as respiratory and cardiac failure occurred the patient was placed m the Trendelen- 
berg position 

First hour postoperative Respirations were shallow There were spasms involving 
arms, head and neck These spasms lasted a few seconds and occurred approximately' 
o^ery half hour They were associated with crying and screaming spells The follow- 
nig day', the spasms continued with decreasing frequency and, approximately 12 hours 
3 ter the incident had occurred, the patient was able to understand spoken words but 
was unable to speak intelligently She was cooperative but w'as unable to remember 
o^ents immediately preceding the operation and had no memory' of daily events Within 
one week her memory for current events returned to normal, although there was no 
^ urn 0 memory concerning events that occurred four days prior to operation She 
October 20, 22 day's after her operation, to a convalescent institution, 
ic time her mentality was normal and her wound well healed 
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Of the 42 cases in the spinal group, there were 37 thoracoplasties and five 
inductions of extrapleural pneumothorax In all, 99 operations have been 
cairied out under spinal, and 12 under local anesthesia 

As pieviously reported, Ethermgton- Wilson's® technic, as described by 
him befoie the Royal Society of Medicine m London, in 1933, has been em- 
ployed with the modifications as desciibed by Bourne and O’Shaughnessy,"* 
in 1936 

The technic employed at present is as follows The patient is supported 
sitting upright by assistants Nupercaine m i 1500 solution is employed for 
anesthesia The needle is intioduced between the second and third lumbar 
spines and fiom 12 to 13 cc are introduced somewhat slowly without barbo- 
tage From the commencement of the time of injection a stop-watch is 
started and time allowed foi the passage of the solution upward 

Although It would peihaps be moie scientific were we able to state the 
exact number of seconds duiing which the solution is allowed to rise in the 
spinal canal, based upon the length of the patient’s back, in centimeters, we 
have, hitherto, simply noted the patient’s back to be either long, short or 
medium The length of time allowed foi the rise of the solution has been 
as a rule from 50 to 55 seconds with an absolute maximum of 60 to 65 
seconds It is of assistance to the anesthetist if the time is called off by an 
assistant at five second inteivals As soon as the length of time previously 
decided upon has been reached the patient is immediately laid down with 
the head and upper part of the torso inclined at an angle of about 20° down- 
ward from the flat 

As previously repoited, it is believed that 

(1) Ten cubic centimeteis of nupercaine solution (i 1500), 20 to 25 
seconds, anesthetizes the fiist lumbar neive segments — suitable for opera- 
tions upon the lower limbs and the perineum 

(2) Twelve cubic centimeters of nupercaine solution (i i 5 oo)> 3^ to 
35 seconds, anesthetizes the tenth thoracic segments — suitable for operations 
upon the lowei abdomen and pelvis 

(3) Fifteen cubic centimeters of nupeicame solution (i 1500)) 40 to 45 
seconds, anesthetizes a high zone, fifth thoracic segments — suitable for opeia- 
tions upon the upper abdomen and lower thorax 

As the result of oui continued expeiiences since our first publication, we 
wish to modify the statement made with regard to the amount of material to 
be injected We now believe that 15 to 17 cc of nupercaine solution is too 
large and have come to the conclusion that 12 to 13 cc is both adequate and 
accompanied by a greatei measure of safety It would seem from our expe- 
riences that 12 to 13 cc of I 1500 nupercaine solution, allowed to rise for 50 
to 55 seconds m all but the longest backs, suffices to affect the lower cervical 
segments and so render anesthesia complete for the removal of the first nb 
and apicolysis in accordance with Semb’s recommendation 

Although, hitherto, we have not attempted to estimate the speci c gravity 
of the cerebral fluid, this, as is well known, varies somewhat t is usua or 
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the specific giavity of the ceiebral spinal fluid to be i 007, although it is 
sometimes highei Since the specific giavity of the nupercaine solution used 
IS I 003, and since we aie dependent upon the diffeience in specific giavity 
of the two solutions foi the height to which the anesthetic solution will use 
m a given length of time, we piopose in the future determining the specific 
gravity of the cerebial spinal fluid and intend to use for this purpose Bai- 
bour’s^ fallmg-diop method 

We have continued to use the preopeiative medication substantially as 
recommended m oui pievious contiibution Ninety minutes befoie opeiation 
the patient receives moiphme, Gr 34 hyoscin, Gr %oo> subcutaneously 
Twenty minutes before opeiation the patient’s condition is checked, and if, 
as IS usually the case, he, 01 she, is not sound asleep the same dose is re- 
peated In consequence of this lather heavy sedation the patients are unin- 
terested during the induction of the anesthesia and have a substantially com- 
plete amnesia regarding their expeiiences m the operating room At the 
same time, almost immediately following operation, it is possible to wake 
them up and to obtain coopeiation 111 the sense of ingestion of fluids and 
purposeful deep breathing and coughing We believe that wuth increased 
doses of the two drugs mentioned nausea is less likely to occur and that thei e 
IS less shock We have not continued the use of atropine 

Since we are of the opinion that the turn deaths which occuired m the 
operating room were due to the systemic effects, especially wnth reference to 
vasomotor reaction, and not to the effect of the anesthesia within the spinal 
canal, we have become more willing to employ analeptics early during the 
period of anesthesia In any event, it must be stated that if analeptics, as for 
instance ephediine, are to be withheld until such time as they are proven to 
be necessary, the care wnth w^hich the patient is watched must be faultless 
When analeptics are withheld until requiied, and it may be said that this is 
our usual procedure, ephedrme and the pressor principle of the posterior 
pituitary are admimstei ed mti avenously and together The dose of these two 
drugs IS ephedrme 0 5 cc (% Gr ), pitressm o 5 cc 

At the completion of the opeiation strychnine Gr 34 o is administered and 
repeated every three horns for three doses This procedure has been carried 
out, m accordance with the teachings of Yandell Henderson,® for its effect 
upon skeletal muscle Immediately upon return to the ward, patients have 
received 1,000 cc of 5 per cent glucose m saline solution to which 10 units 
of old (unmodified) insulin have been added In but two cases has it seemed 
advisable to employ transfusions postoperatively , both of these cases had been 
suffering from massive pulmonary hemorrhage prior to operation 

Upon return to the w^ard, the patients have been allowed to sit up and 
their cooperation asked for There has been early return of appetite, so that 
ui this respect, at least, the depressing effect of operation has been m large 
measuie overcome Postoperative headache has been consistently absent 
In our earlier contribution we tabulated the advantages and disadvantages 
0 spinal anesthesia for extrapleural thoracoplasty With further experience 
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in the employment of the method, we copy with but few modifications the 
memoranda from oui first paper 

(1) The patient does not lose consciousness, although under the condi- 
tions of piemedication which we employ sleep is induced and a substantially 
complete amnesia follows 

(2) It IS possible to induce the patient to cough, upon instruction The 
respiiatory effort, particularly if oxygen be administered, is as quiet as may 
be expected by any foim of anesthesia 

(3) Owing, presumably chiefly, to the drop in blood pressure and the 
quiet, tianqiiil respiratoiy effort, there is less bleeding, we believe, during 
the course of the operation , at the same time we have not noted any tendency, 
whatever, towaid postoperative hematoma accumulation 

(4) In consequence of the quietness of the chest wall and the complete 
muscle relaxation — of special importance in removal of the transverse proc- 
esses — and the smallei amount of bleeding, operation can be performed 
moie easily and more expeditiously, therefoie, more safely 

(5) On leturn to the waid, cooperation on the part of the patient can be 
obtained at once, particular!}' in the sense of deep breathing and purposeful 
coughing 

(6) Although we have made a practice of administering strychnine, and 
750 to 1,000 cc of 5 per cent glucose in noimal saline, to which lo units of in- 
sulin have been added, as a loutine in all cases immediately upon return to 
the waid, this has not been done on account of shock phenomena being 
exhibited 

(7) Patients have been able to commence the ingestion of nourishment 
within two or three hours after operation, in all cases, and have been able to 
leturn to full diet with the lapse of a very much shorter period of relative 
starvation than in cases m which other anesthetics have been used 

(8) The induction period, after the patient arrives in the operating 
room, IS a short and simple procedure 

Objections — (i) Although the patients do not suffer pain, a few have 
gi unted when traction on the ribs has been made Using scopolamine and 
morphine, patients have difficulty in remembering such an incident on the day 
following operation 

(2) Theie would appear to be a iisk of involvement of the phrenic roots, 
such interference with functioning of the diaphragm has not been noted in 
any of our cases presumably because the anesthetic is so dilute when it 
reaches the midcervical region that motor function is not completely destroyed 
Should such an accident develop, it would seem probable that serious results 
might ■well be avoided by the employment of artificial respiration or intra- 
tracheal insufflation 

(3) In our previous communication, we note that the possibility of severe 
cnculatory disturbance must be considered, although at that time we had had 
no disturbing experience As noted m this paper two patients have died 
and three others suffered impoitant circulatory failure Since we believe 
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INTRAVENOUS AND REGIONAL ANESTHESIA* 

John S Lundy, MD 

SECTION ON ANESTHESIA, THE MATO CLINIC 

RocHESTEn, Minn 

I APPRECIATE this oppoituiiity to take a short part m this symposium on 
anesthesia, and believe that your choice of the subject of anesthesia for the 
symposium is significant of the development of anesthetic agents and methods 
during the last decade I would like to mention briefly some of my own 
experiences in and reactions to this development 

The change from the scanty equipment necessary for the use of volatile 
anesthetics occurred as more and more complicated mechanisms were devised 
for the use of gaseous agents alone or in combination with volatile agents At 
the moment, the modem gas machine is an expensive piece of equipment 
and IS relatively complicated, but its economy and efficiency of operation have 
justified Its high cost It selves as a device for the administration of oxygen 
and combinations of oxygen and carbon dioxide and of oxygen and helium, 
as well as for the purpose of producing anesthesia Artificial respiration is 
effectively carried out by inteimittent compression of the breathing bag for 
the insufflation of oxygen The skillful use of such a machine requires con- 
sideiable instruction and practice on the part of the anesthetist, and further 
improvement may be looked for in these machines This will be necessary, 
because of the inherent dangers associated with the use of inflammable and 
explosive anesthetics and the need for control of this hazard 

The introduction of such an agent as tnbiomethyl alcohol (avertin) has 
greatly increased the usefulness of the rectal method of anesthesia Other 
agents have been tried, and this method has yet to have its greatest day of 
usefulness Local and regional methods of anesthesia have had alternate 
periods of popularity and unpopularity Factors that have influenced this 
have been the periodic introduction of promising agents and of modifications 
of technic that have inci eased the safety and satisfaction with which the 
methods were used The intravenous method of anesthesia has slowly de- 
veloped into a useful method 

The field of anesthesia has gradually broadened so that the limits of use- 
fulness of the anesthetist rest largely on his willingness to apply himself In 
the preoperative period he has been useful as a member of the surgical team 
m preparing the patient for anesthesia and foi operation During anesthesia, 
because the surgeon and his assistant are fully occupied with the technical 
steps of the operation, the anesthetist has been the most leadily available 
peison to carry out whatever measures aie necessaiy to support the patient, 
for example, tiansfusion of blood or in the intravenous administration of 

■^Read before the American Surgical Association, Hot Springs, Va , May rr, 12, 

13, 1939 
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solutions of acacia or otliei fluids Theie has been a sti iking change in the 
method with which such treatment ina}’’ be cai i led out Pi eviously some one 
of the surgical team would cut down on a vein and admmistei the solution 
The confusion m connection with this pioceduie vaiied with the frequency 
with which It was earned out and the excellence of the team woik exhibited 
To-day, the anesthetist is ready to nisei t a 15 gauge needle, which contains 
a stylet, into a vein just as soon as anesthesia has been induced and just 
prior to the beginning of the opeiation The point at which the veins aie 
usually well filled with blood is most leadily available for venipuncture If 
during the course of operation, theie is need for blood or fluids, theie is no 
confusion or delay in withdi awing the stylet from the needle and peimitting 
the solution to enter the vein The large gauge of the needle peimits the 
very rapid introduction of laige quantities of solution, and at the same time 
the flow can be 1 egulated bj'- a pinchcock Because of the anesthetist’s expei 1- 
ence with the use of the lar3mgoscope and the introduction of the intra- 
tracheal tube, he has learned to clean the respiratoiy passages, at the end of 
the operation, by means of an aspirating catheter A few anesthetists have 
had training in the use of the bionchoscope and are of invaluable service in 
the postoperative period in the event that postoperative bionchoscopy is 
needed for relief of collapse of a lung The supportive treatment of the 
patient in the postoperative peiiod, m the event that such measures are 
necessary, may be carried out by the anesthetist 

The ready availability of the anesthetist in the hospital has been a factoi 
in his usefulness as a supervisor in cases in which oxygen therapy and 
prolonged ai tificial respiration are required This is particulai ly advantageous 
in obstetric practice when the newborn infant may need assistance to estab- 
lish adequate pulmonary ventilation The study of analeptic and suppoitive 
drugs has been impiessed upon the anesthetist For those patients who suffer 
intractable pain the anesthetist has collaborated with the attending physician 
in the control of such conditions He has found a use for his methods of 
legional anesthesia as diagnostic procedures and as therapeutic proceduies 
in certain cases 

The fiequency with which he has been cariying out venipuncture has 
very naturally made skillful venipunctuie available to hospitalized patients 
geneially, and is paiticularly appreciated by those patients in whom this is 
ordinarily very difficult Perhaps intravenous administration of fluids and 
drugs has been employed for a long time in a given case and most of the 
veins are thrombosed and are not usable Even in these cases, venipuncture 
may be easily carried out by the proper application of heat and by the use 
of warm antiseptic solution, local anesthesia, a properly selected sharp needle, 
and utilization of tourniquet not only to dilate the vessel but also to anchor 
it so that It may be put on the sti etch and easily entered with the needle A 
knowledge of the situation of readily available veins in the bod}'- comes to 
the experienced individual and is of advantage to the patient, for example, 
the most readily available vein in the child who is one }ear of age is often 
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111 the back of the hand and wrist, or it may be the saphenous vein near the 
internal malleolus 

These illustiations of the functions that the anesthetist can carry out 
call to mind the blight hope foi the futuie development of this branch of 
medicine A sign^ of what may be expected in the future has been the recent 
appi oval of the American Boai d of Anesthesiology, Inc , an affiliate of the 
Ameiican Boaid of Surgeiy, by the Council on Medical Education of the 
American Medical Association It is a genuine satisfaction to see the eager- 
ness with which the lequirements of this Boaid are being met, and the stimulus 
It is to many of those who have peihaps not kept up with modern trends as 
well as they might have I anticipate that beneficial results will appear from 
the studies cained out by the vaiious candidates who wish to prepare them- 
selves tor examination by the Boaid 

It seems to me unnecessary to stress the technical means of blocking the 
various neives Not much of skill m one’s fingers can be transmitted by 
word of mouth I am limiting my remarks puiposely to some of the points 
that I have been asked to consider 

Inti avenous Anesthesia — The intiavenous method of anesthesia is the 
newest and piobably the most inteiestmg method at our disposal The method 
was begun in 1872, when Oie, of Lyons, used chloral hydrate Since that 
time othei diugs such as hedonal (methyl-propyl-carbmol-urethane), ipral 
(calcium ethyhsopropylbaibiturate), alcohol in physiologic saline solution, 
ether in physiologic saline solution, sodium amytal, pentobarbital sodium 
(nembutal) and many other barbituiates have been used Most of these 
diugs are no longer used in intiavenous anesthesia At this time, evipal (n- 
methylcyclohexamyl methyl barbituric acid) and pentothal sodium (sodium 
ethyl I -methyl butyl thiobarbitunc acid) are the diugs that are most frequently 
used foi this puipose The Geiraan pioduct evipal (evipan) is available 
throughout the woild, pentothal sodium has been available principally m the 
United States and the British Empire The outstanding chemical difference 
between evipal and pentothal sodium is that the latter contains sulphur and 
evipal does not This is of inci easing importance, since it has been noted 
that persons who have been prepai ed for operation by the use of sulfanilamide 
should not be given pentothal sodium until a day has passed since the last 
sulfanilamide was taken Damage to the liver by sulphur, with resultant 
jaundice and general malaise, has been noted in sucb instances In such cases 
evipal in 2 5 per cent solution may be used , one must bear in mind this 
paiticular difference in the two agents 

For some time, it was advised that preliminary medication should not be 
employed prior to the use of intiavenous anesthesia with either evipal or 
pentothal sodium I think it is safe to sa}'^ that the general consensus now is 
that preliminary medication should be used It does reduce the amount of 
the anesthetic agent necessary to pioduce anesthesia, and the recovery period 
IS shorter and the patient is moie quiet The journey to the operating room 
is less annoying to the patient It is safer to use preliminary medication with 
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a baibiturate than it is to use a laige amount of the barbiturate alone to pio- 
duce anesthesia There is, m'geneial, a class of operations, such as iemo\al 
of a single tooth, removal of packs, lumbai puncture and operations in which 
the pain must be abolished for only five minutes oi less, in which no pie- 
liminary medication is necessaiy 

The use of intiavenous anesthetics should entail the use of as dilute a 
solution as can be used effectively Pentothal sodium at fiist was used m a 
10 per cent concentiatioii, but the site of injection became sore and painful 
if any of the solution was injected extra venously A 5 pei cent solution was 
substituted and appaiently was just as satisfactoiy as the 10 per cent solution 
in the induction of anesthesia, but once in about 1,000 cases a phlebitis would 
develop one to thiee weeks after opeiation and would last for two weeks to 
three months Foi this leason, I substituted a 2 5 per cent solution for the 
5 per cent solution I now piefer this mixture instead of the 5 pei cent 01 
10 pel cent solution as it induces anesthesia more slowly and moie safely 
The patient does not complain of the induction being so sudden as when a 5 
01 10 per cent solution is used The incidence of phlebitis has been reduced 
to about one 111 3,000 cases Two inteiesting cases illustrate the less iiritat- 
ing propel ties of the 2 5 pei cent solution as compaied with the 5 per cent 
concentration In one case, a 5 per cent solution of pentothal sodium was 
injected intra-arterially and the patient complained of an intense smaitmg 
sensation m the hand during induction of anesthesia At a later date a 2 5 
per cent solution was injected intra-artei lally and the patient complained of 
only a little discomfort m the hand befoie anesthesia appeared Intia-aiteiial 
injection should be avoided 

I will now refei to another change m technic in the use of evipal and 
pentothal It was common practice to inject a dose sufficient to anesthetize 
the patient and then immediately to inject a second dose equal to that which 
was sufficient to induce anesthesia The needle then was removed and the 
operation earned out undei whatever anesthesia occurred as a lesult of the 
dose administered The next impiovement m technic was to use the inter- 
mittent method of injecting the solution , that is, to maintain the point of the 
needle within the lumen of the vein, and, after anesthesia had been induced, 
to inject small amounts as necessary to maintain anesthesia This technic 
was similai to the administration of ether by the open drop method , the agent 
was applied when and m such doses as were needed This technic allowed 
the drug to be used for veiy much longer operations than did the earlier 
technic, which consisted of one or two injections 

However, since the patient was inhaling only air, it was found necessary 
to keep the respiratory passages patent continuously, as the effort to breathe 
was not vigorous A paper or the use of a cotton “butterfly” over the nose 
was consideied a help 111 recognizing that definite exchange of air %\as taking 
place, and this is still useful It was decided that this t3fpe of anesthesia should 
not be used for children because of the smallness of the respiratoi}’’ passages 
and because pulmonary ventilation often was inadequate when only air was 
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bieathed In certain cases in which lespnatoiy clepiession became prolonged 
and anoxemia was evident, it was found advisable to cany on artificial respira- 
tion by using oxygen fiom the anesthetist’s gas machine It soon was noted 
that if the oxygen was administeied thioughout the peiiod of intiavenous 
admniistiation of the anesthetic agent, lespiiation was more vigorous and 
the effectiveness of the pulmonaiy ventilation could be noted by watching the 
lespiiatoiy exchange as the bag emptied and filled The administration of 
oxygen also tended to impiove the color of the patient This was paiticularly 
true m cases in which theie was cardiac disease and no period of anoxemia 
could be permitted These patients did veiy well during the period of anes- 
thesia and it can now be said that the safest technic is to admmistei oxygen 
to these patients as soon as anesthesia has been induced and until they begin 
to show signs of lecovery When this technic is used, the amount of the 
barbiturate which may be administeied can be greatly increased and more 
piofound anesthesia and relaxation can be seemed As a result of applying 
this technic of intravenous anesthesia, the method has been extended m some 
places in major abdominal opeiations and to its use m cases in which the 
patients aie small childien The technic now used may be said to be at this 
point of development, but within the year one may expect to see further ad- 
vances In time, as new diugs aie intioduced and moie experience is gained 
with the method, many of the pioblems of anesthesia no doubt may be solved 
A good illustration of one problem in anesthesia is the elimination of the 
hazard associated with the use of inflammable and explosive inhalation anes- 
thetic agents 

One of the most piomismg modifications that we have employed recently 
at the clinic is the use of pentothal sodium in inducing anesthesia prior to using 
inhalation anesthetics, especially m cases in which the patients are hypertensive 
individuals who have almost always lesisted the induction of anesthesia, who 
often have had exaggeiated stages of excitement during induction and who 
also have had peiiods of extieme cyanosis which are undesiiable in the pres- 
ence of high blood piessure These patients usually respond very nicely to 
an intravenous injection of pentothal sodium, 3 oi 4 cc and never more than 
10 cc of a 2 5 per cent solution should be administeied It is better to give 
an underdose than it is to admmistei an overdose, as otheiwise the respira- 
tions may become too shallow during the induction of anesthesia by inhala- 
tion Aftei the patient shows signs of diowsiness and perhaps even stops 
counting, the gas mask is applied to the patient’s face and nitious oxide and 
oxygen is administered simultaneously with an injection of i cc of a 2 5 per 
cent solution of pentothal sodium about eveiy 15 seconds The respirations 
are watched all the time to see that breathing does not stop or is not markedly 
depressed The results of this method aie rather spectacular The patient 
shows little or no signs of excitement, the blood pressure is deci eased during 
the period of induction, as compared to the usual marked increase The in- 
tratracheal tube may be intioduced in about five or ten minutes, whereas 
pieviously it has taken two or three times as long The amount of anes- 

882 



% olunie 110 
^ umbel 5 


INTRAVENOUS AND REGIONAL ANESTHESIA 


tlietic (diop etliei) used is about two-tliiids as much as is necessaiy when no 
pentotlial sodium is used Patients have usually not become nauseated and 
have not vomited afterwaid Shock is usually not m evidence postoperatively, 
although where extensive sympathectomy has been peifoimed, the blood pies- 
sure may be more definitely lowered than it is m othei cases 
The use of analeptic drugs foi relief of lespiiatoiy depression has been 
tried with appaient success The piesent status of the effects of several 
commonly used stimulants is controveisial Hovevei, I feel that such diugs 
as coi amine (a 25 pei cent solution of pyiidine betacai borne acid diethyl- 
amide), metrazol (pentamethylene tetiazol), ephedrme and epmephime may 
serve to siippoit a depressed patient if used in addition to othei measuies 
The route foi the admmistiation of the stimulant is the mtiavenous one 
Regional Anesthesia — The effects of legional methods of anesthesia have 
been mci eased by the substitution of metycaine [benzoyl-y-(2-metbylpipeii- 
dino)-piopanol hydrochloiide] for piocaine Theie aie ceitam leasons why 
tins occurred , one is that metycaine is a sui face anesthetic as well as one effec- 
tive by injection The other reason is that the substitution of a i pei cent 
solution of metycaine for a i pei cent solution of procaine is not actually a 
substitution of an equivalent concenti ation A i pei cent solution of mety- 
came is appi oximately equivalent to a i 25 per cent solution of piocaine, so 
that in the statement that metycaine is inoie effective than piocaine it must 
be admitted that the concenti ation of metycaine is lelatively stionger than the 
concentration of procaine The fact that metycaine is a suiface anesthetic as 
well as an injectable one makes it of great value to the anesthetist, for the 
one outstanding unsatisfactory charactei istic of piocaine is that it is not a 
good surface anesthetic It has been hoped that an agent could be pioduced 
with which one could cany out any method of local anesthesia Metycaine is 
the neaiest approach to this of any agent that has been developed up to this 
tune It was felt that metycaine would be a paiticulaily satisfactory drug as 
a spinal anesthetic, and I admit that it is a good agent and that the anesthesia 
can be made to last longer than with piocaine, but for opeiations which aie 
to last an hour or less I still piefer procaine as a spinal anesthetic agent 
In vaiious blocks, howevei, such as sacial block, ceivical block, biachial 
plexus block, block anesthesia of the digits and field block, especially of the 
scalp, met5xame in a i pei cent solution is definitely moie satisfactory than a 
I per cent solution of piocaine I also should like to point out that m sacial 
block one finds lesults to be very much moie encouraging with metycaine 
than with piocaine I prefer sacial block over spinal anesthesia foi opera- 
tions on the anus, because of the elimination of lumbai punctuie headache 
My expel lence with headache of this type has been that while it does not 
occui appai ently as fi equently as it did some yeai s ago, one occasionally sees 
a patient who complains bitteily of headache foi as long as two }ears aftei 
the operation I ha\ e nevei been convinced that headache w Inch lasts as long 
as this IS very debilitating because subsequent e\ cuts show that the period of 
recovery usually begins wdien unhappy circumstances m the life of the patient 
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are altered Patients also complain veiy bitteily of headache with the hope 
that they can avoid paying the doctoi’s fee In transurethral operations I 
have advocated the use of sacral block instead of spinal anesthesia because 
when undue distention of the bladder takes place the patient complains and 
in the event of spinal anesthesia the patient usually is not aware of the over- 
distention of the bladder On the other hand, the suigeon has been better 
satisfied with spinal anesthesia and has become accustomed to avoiding marked 
overdistention of the bladder, undei those ciicumstances spinal anesthesia is 
satisfactory Here again, however, the question of headache has to be con- 
sidered The most persistent instance of headache that I have encountered 
was subsequent to one of these opeiations and spinal anesthesia 

For operations on the digits and when field block is used, it will be found 
that the metycaine will give postopei ative relief of pain for several hours in 
most cases, while procaine does not Most pei sons who have an idiosyncrasy 
to procaine and have a so-called novocain dermatitis can use metycaine with- 
out untoward results 

For celiotomy, especially on the uppei pait of the abdomen, I know of no 
block that is bettei than abdominal block, combined with gas, or gas and 
ethei as an inhalation anesthetic, and moderate piehminary medication The 
block of the abdominal wall may be cai i led out with a o 5 per cent solution 
of procaine or metycaine, which should contain a small quantity of epinephrine 
(6 minims of i 1,000 solution in 200 cc of the anesthetic solution) The 
block should be done 15 to 20 minutes before tbe incision is to be made so 
that there is an opportunity for the solution to soak into the tissues and per- 
meate entirely the terminations of the intercostal neives Under such cir- 
cumstances it is presumed that the injection of the solution into the abdominal 
wall will be made when the geneial anesthesia has been induced The general 
anesthesia may be lightened 01 discontinued as soon as the peiitoneum has 
been closed 

To combine local and geneial anesthesia is often desirable, but when 
spinal anesthesia is combined with geneial anesthesia it is best in my ex- 
perience to give the spinal anesthetic at least 10 to 15 minutes before admin- 
istration of the general anesthetic is staited If in the course of the operation 
spinal anesthesia becomes sufficiently high so that the patient becomes dysp- 
neic, one will find that lespiration becomes very annoynfg as the patient 
makes the vigorous effort necessary to ventilate himself There is danger 
that the induction of general anesthesia, taking place simultaneously with the 
production of spinal anesthesia, will bi mg the patient into a dangerous degree 
of narcosis when the spinal anesthesia has produced its maximal effect and 
the general anesthesia has produced its maximal effect I have seen one 
fatality because of such an occurience 

For the support of the blood pressure during spinal anesthesia, I prefer 
to inject intramuscularly 25 mg of ephedrme just before spinal anesthesia is 
induced, and to administer 25 mg of ephedrme intravenously during anes- 
thesia if the systolic blood pressure falls below about 85 Mm of mercury 
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Individual variations in the patient’s reaction to the anesthetic and the stim- 
ulant may be more neaily balanced than by loutinely using a laigei initial 
dose of the stimulant 

The piesent need foi a bettei noninflammable anesthetic has made the 
combined use of legional and intiavenous anesthesia advantageous Foitu- 
nately, most of the baibituiates have an antispasmodic action while most local 
anesthetics produce a spastic effect when the patient exhibits a toxic leaction 
This antagonistic effect of a local anesthetic compared with an intravenous 
baibiturate makes their combined use one that tends to mciease the safety of 
the use of each agent In some instances the use of an intiavenous anesthetic 
at fiist, followed by the blocking of the neive ti links while the patient is un- 
conscious, IS gieatly appreciated by patients 

Prehmmaiy medication is advisable before regional methods of anesthesia 
are to be used Foi the average adult, I like to give pentobaibital or nem- 
butal, gi (o I Gm ), the night befoie opeiation and lepeat this dose 
about 7AM on the day of opeiation, and to administer % gr (ooi Gm ), 
of morphine and %5o gi (00004 Gm ) of atiopine by hypodermic injection, 
40 minutes befoie the operation This pioceduie is usually satisfactoiy 
However, during the opeiation, if the patient seems to be suffeimg regard- 
less of whethei or not the anesthesia is beginning to weai off, of whether 01 
not the operation is more extensive than planned for, or of whether 01 not 
the anesthesia is insufficient foi the contemplated operation, a small dose of 
morphine will usually lelieve the patient of his pain In some cases the 
oidmaiy dose of moiphme is insufficient and an additional amount of mor- 
phine IS necessary to give lelief This should be given intravenously The 
intiavenous injection should be earned out veiy slowly and should be dis- 
continued as soon as the patient feels some effect of the diug If moie is to 
be administered, a peiiod of ten minutes should elapse before any further 
morphine is given intravenously The usual dose foi intiavenous adminis- 
tiation IS less than the dose that is given subcutaneously That is, if one 
would give % gr (0016 Gm ) subcutaneously, one would administer % gr 
(001 Gm ) mti avenously One-eighth gram (0008 Gm ) of morphine intra- 
venously IS equivalent to % gr (o 01 Gm ) given subcutaneously 
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SYMPATHETIC NERVE BLOCK AS AN ADJUNCT ANESTHESIA 
IN MINIMAL RESECTION OF THE STOMACH 
FOR PEPTIC ULCER* 

William Francis Rienhoff, Jr , M D 

Baltimore, Md 

FROM THE DEPMITMENT OF SURGEni OF THE Jon\S HOPKINS UVIIEHSITT, B \LTlMOnE, MD 

The object of this report is twofold In the first place, to present a senes 
of consecutive cases of benign ulcei s of the pyloric antrum and the duodenum 
which have been tieated by paitial gastrectomy, performed under a very light 
iiitious oxide and oxygen inhalation analgesia, combined with an mtra-abdom- 
mal injection of a weak solution of pontocame into the celiac plexus, and 
in the second place, to desciibe an opeiative technic, based upon anatomic and 
physiologic considerations, that combines safety and efficacy, as fai as the 
immediate and late postoperative lesults aie concerned, m a higher degree than 
the more conservative and also the moie radical procedures 

Mateual — The basis of this report consists of a series of 82 consecutive 
cases of pyloric and duodenal ulcer that have been operated upon by various 
operators employing the same surgical technic, but diffeient methods of anes- 
thesia The operation in each instance has been a resection of only the pyloric 
antrum followed by a short loop antecolic gastrojejunostomy Forty-four 
patients have been operated upon by different operators, under geneial an- 
esthesia, le, nitioiis oxide and oxygen induction, followed by ether with a 
preceding basal anesthesia such as avertin Five deaths occuired m this series, 
a mortality rate of li 3 pei cent, only one of which could be attributed to the 
operative proceduie In the lattei case, the patient was found at autopsy to 
have developed an acute panel eatitis that might have been caused by the 
opeiative dissection of a laige penetrating and indurated ulcer away from 
the head of the pancreas Thiee deaths followed the development of broncho- 
pneumonia and one, four hours after operation, during a geneialized con- 
vulsion The latter patient had been gn en a combined general anesthesia, 7 e , 
avertin and cyclopiopane Postmortem examination in all of these patients 
revealed pei pjiinam healing of the gastrojejunal anastomosis as well as the 
duodenal stump, so that in at least four, if not all five, the lowering of the 
patient’s resistance and vitality due to the general anesthesia played a major 
role in causing their death 

In striking contrast to this is a series of 38 consecutive patients that were 
operated upon in whom, although the same surgical technic was employed as 
in the above series, sympathetic nerve block and analgesia was used in pref- 
erence to general anesthesia (Table I ) In this series no deaths occurred 
* Read before the American Surgical Association, Hot Springs, Va, Afay ii, 12, 
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Table I 

IDENTIFYING DATA RELEVANT TO THE 38 PATIENTS WHO 
RECEIVED SYMPATHETIC NERVE BLOCK 

R R , Hosp No 148480 P R , Hosp No 148057 

J M , Hosp No 150340 E S , Hosp No 106285 

J M , Hosp No 152636 B G , Hosp No 143206 

G U , Hosp No 150914 B D , Hosp No 143090 

F B, Hosp No 152775 H M , Hosp No 111689 

A B, Hosp No 152908 C S, Hosp No 110025 

M C, Hosp No 155005 N H, Hosp No 721 17 

J P, Hosp No 1601 1 1 J J, Hosp No 72599 
M P , Hosp No 160146 L Z , Hosp No 74631 

R W , Hosp No 160504 J R, Hosp No 127170 

J S , Hosp No 163287 C M , Hosp No 127529 

H B , Hosp No 100764 D W , Hosp No 130947 

C W , Hosp No 143641 L S , Hosp No 130930 

W Q , Hosp No 103075 B C , Hosp No 170793 

P F, Hosp No 103106 J G Hosp No 170430 

C A, Hosp No 103163 R S, Hosp No 170387 

J W , Hosp No 106035 C H , Hosp No 167878 

W G , Hosp No 71840 C M , Hosp No 168231 

W M , Hosp No 127682 L M , Hosp No 164296 

In four of this lattei gioup, the patients had developed marginal ulcers 
following a posterior gastro-enterostomy pieviously perfoimed elsewheie for 
duodenal ulcer In two of these four, the marginal ulceis had penetiated the 
colon lesulting m gastiojejunocolic fistulae In the latter two cases, a resec- 
tion of pait of the jejunum and transverse colon was found to be necessary as 
well as a resection of the pyloiic antium and liist portion of the duodenum 
An end-to-end anastomosis was peifoimed in both cases on the jejunum and 
colon In the formei two cases of marginal ulcer, the jejunum was simply 
closed and the stomach lesection carried out as herein desciibed Even in 
these complicated cases theie were no untoward respiiatoiy or abdominal 
sequelae following the use of celiac sympathetic nerve block anesthesia 

Further advantages of combined local anesthesia and gas analgesia over 
general anesthesia will be alluded to undei Discussion 

Anesthesia — The present literature on the employment of a local, in com- 
bination with a very light gas anesthesia for abdominal operations is extensive 
Crile,^ m 1915? was the first to point out the advantages of anoci-association 
and the pievention of shock as well as many other postoperative complica- 
tions by the use of a combination of local and veiy light gas anesthesia Fms- 
terer^ has employed local and splanchnic nerve block anesthesia for years 
For a complete bibliography of the development of the methods of local anes- 
thesia in abdominal surgery, one should consult the monograph entitled Anes- 
thesia m Abdominal Surgery, by Hans Fmsteier, published m 1923 

The only modification of the previous methods to be noted m this report 
IS the employment of a “light’’ gas analgesia while going through the abdominal 
Yvall and opening the peritoneal cavit}’- The patient is then allowed to re- 
breathe into the gas bag throughout the operation w ithout further addition of 
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nitrous oxide The celiac plexus is injected intra-abdoininally at the level of 
the twelfth thoracic vertebra (Fig i) with lOo cc of a i 3,000 solution of 
pontocaine which is allowed to diffuse in the retroperitoneal tissue In this 
manner a concenti ically radiating area of retroperitoneal edema may be ob- 
sei ved which extends over the visible area of the posterior peritoneal wall and 


Celiac pleMis at letel of tnclfth tlioncic ititthri 
Point of injection of 100 cc of 1 3 000 jiontccaine 
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Fig I — Abdominal plexuses of the sjmpathicus (Staltehola, Hand Atlas of Human Anatomy, 

vol 3) 

bathes the entire celiac sympathetic plexus with the pontocaine solution The 
technic of injection is greatly facilitated by the use of a long, guarded needle 
devised by Finsterer The left hand is inserted into the supraduodenal fossa 
to the left of the gastrohepatic omentum .Just below the inferior surface of 
the liver, or portal hilus, the right border of the aorta is located with the index 
finger The middle finger alongside the index finger will thus impinge upon 
the surface of the tissue lying betAveen the aorta and the inferior vena cava 
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The guaided needle is then inserted into the retroperitoneal tissues, being held 
in the right hand and guided b}' the groove between the middle and index 
finger of the left hand The sharp point of the needle may be felt to engage 
the bony structure of the body of the twelfth thoracic vertebia A 20 cc 
syringe is attached and the needle veiy slightly withdrawn A few cubic 
centimeters of the pontocaine solution are then injected, but the plunger is 
again withdrawn to be ceitain the needle point is not inside a blood vessel If 
no blood IS recovered in the syringe, the 100 cc of the pontocaine solution are 
injected slowly over a period of about three minutes Within a very short 
time the increased lelaxation of the abdominal wall can be appreciated Al- 
though the patient is receiving just enough nitrous oxide and oxygen to quiet 
him psychically, the degree of relaxation of the abdominal wall throughout 
the operation remains constant There is no straining 01 tendency to become 
alternately light or deep as is so often the case with gas anesthesia when used 
alone without some supplement 

Ope)ative Piocedwe — The rationale for the operation employed in this 
series of cases is based upon anatomic and physiologic data, which seem to 
indicate that the lower fifth of the stomach or the pyloric antrum may truly 
be considered the “pacemaker” of this organ 

In 1906, Edkms^ showed that a decoction made by boiling pyloric mucous 
membrane with acid or with watei 01 with peptone and injected in small 
quantities into the jugular vein caused a secretion of gastric juice, containing 
both hydrochloric acid and pepsin In order to produce this positive effect, it 
was necessary to employ pyloric mucous membrane from the lower fifth of 
the stomach Extracts made from the mucous membrane of the remaining 
portions of the stomach proved to be ineffective The secondary secretion of 
gastric juice is determined, not as Pavlov and PopielskP imagined, by a local 
stimulation of the reflex nervous apparatus in the gastric wall, but by a chemi- 
cal mechanism The first products of digestion act on the pyloric mucous 
membrane and produce m this membrane a substance which is absorbed into 
the blood stream, and carried to all the glands of the stomach, where it acts 
as a specific excitant of their secretory activity This substance has been 
named gastrin and is a gastric hormone This form of chemical stimulation 
for the formation of gastric juice persists long after the mental effects or 
memory of a meal has worn off, as well as the psychic secretion through the 
vagi, described by Pavlov 

As a result of numerous physiologic experiments since, the original ob- 
servations of Edkms^ have been corroborated 

The presence of gastrin in human postmortem pyloric mucous membrane 
has been demonstrated by Ivy, et aJ / and shown to be present to the same 
extent as in hogs’ mucosa The similarity of gastrin to histamine has been 
demonstrated by Koch, Luckhardt, et al who think it is a basic imidazole 
derivative Thus far pilocarpine and histamine are the only knowm imidazole 
derivatives which stimulate the gastric mechanism to secretion Further 
McHenry and Best' (1930), having developed histammase, a histamine in- 
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activating enzyme, enabled Sacks, Ivy, et al ^ (1932), to demonstrate that this 
enzyme will inactivate the active secretory agent m extracts of the pyloric 
mucous membiane This again demonstiates the close lelationship of this 
active principle, gasti in, to the imidazole ring If one concedes that histamine 
and gasti in are identical, then the formei produced in physiologic amounts by 
the pyloi 1C mucous membrane may be viewed as not only being a specific hor- 
mone, augmenting and facilitating the formation of gastric juice, but also, as 
shown by Koskowski and Ivy** (1925), mci easing the motor activity of the 
gasti o-intestinal tiact as well This view is supported by Best and McHeniy'^ 
(1930), on the distribution of histamine and histaminase m the tissues of the 
body They found that the stomach and livei are the only organs examined 
in the body which contain relatively large quantities of histamine and which 
do not also contain histaminase The enzyme is absent fiom the stomach and 
practically absent from the Iivei From their woik we can say that it is easily 
possible foi the pyloi ic mucosa to libeiate enough histamine into the portal 
blood and then into the general circulation to stimulate the production of acid 
by the gastric glands and to exercise synergistic action on the digestive process 
Removal of the pyloric antrum must, therefore, take away one, if not the 
major, factor m the stimulation of the formation of gastric juice, i e , acid 
and pepsin, as well as have a retarding influence upon gastric motility 

Although peiistaltic waves begin in the caidiac end of the stomach, the 
mcisuiae produced by their conti actions are veiy much deeper when they 
reach the lowei fifth of the stomach The pyloi ic antium, on eiect fluoro- 
scopic examination in the majority of individuals, appears to be merely a 
continuation upward of the intestinal tube, when compared to the sac-like, 
lelatively atonic, fundic poition of the stomach Whethei peiistaltic waves 
of contraction may arise independently neai the beginning of the pyloric 
antrum in the distal four-fifths of the stomach has not yet been proved, but 
It IS an objective certainty observed fluoroscopically that the lower fifth of 
the Stomach is far more active fiom the standpoint of the number of con- 
traction waves, as Avell as the extent of their contractions The difference 
in the thickness of the muscle layers of this legion of the stomach, together 
with its well known tiiturating effect on food, would lead to the expectation 
of the observed increased contractility of this region It would seem likely, 
in our present state of knowledge, that pain associated with ulcerative lesions 
of the stomach has its oiigin, m part at least, in the muscular spasm of the 
pyloric sphincter and antrum associated with the usual hyperpenstalsis, hypei - 
tonicity and hyperacidity Thus the relief of pain may in a laige measure 
be directly attacked by the removal of this region of the stomach which 
manifests the role of an acceleiator or amphfer of previously initiated muscular 
activity In this manner thiee important steps have been taken in ridding 
the patient of an ulcer, and also in protecting him from the liability of a 
recurrence These steps are (i) The removal of the portion of the stomach 
which is most active, from the standpoint of motility and contractility, and 
therefore that portion the mucous membrane of which is subjected to t le 
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highest incidence of tiauma, (2) the ablation of the area of mucous membrane 
which IS productive of a hoimone similar to histamine, and responsible for, 
111 contrast to the psychic secretion, the chemical secretion of gastiic juice, 
(3) the shunting of gastric contents away fiom the lemainmg potential ulcei 
beaiing area m the duodenum 

Operative Technic — A midline incision has been employed (Plate I) 
because exposuie of the lesser curvatuie of the stomach, and thus the left gas- 
tiic arteiy and coionary vein, is more easil)’- accomplished wuth less vigorous 



Plate I — Fig j Midline incision extending from linen alba 

Fig 2 shows postenoi peiitonenl wall with needle projecting into retroperitoneal tissue, it the level 

of the celiac plexus 


letraction by this route than thiough a high right rectus incision The less 
the degree of letraction the Ijetter the relaxation of the abdominal w'all In 
the upper abdomen the midhne incision tiaverses the Imea alba which is the 
most avascular poition of the abdominal wall Obviously, there is no inter- 
ference wnth the nerve supply to the rectus muscle or further w'eakennig of 
that stiuctuie from direct trauma m splitting its fibers The round or falci- 
form ligament of the liver lies immediately beneath the Imea alba, but under 
the right hp of the incision, the reflection of the peritoneum to cover the 
ligament may be incised and the entire body, i c , ligament, fat and peritoneum, 
reflected laterally When the peritoneum is incised somewhat to the right of 
the reflection of the round ligament, it is not necessar} to suture the edges of 
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the former when closure of the abdomen is made The round ligament falls 
into Its normal position, covering the posterior surface of the wound as a peri- 
toneal flap, when the linea alba and thus the abdominal wall is closed 
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Plate II — Fig i Stomach delnered through incision, showing pcsuion of ulcer in the 
posterior part of the second portion of the duodenum 

Fig 2 Mobilization of the second portion of the duodenum, by incising the lateral 

peritoneum ' 


Following a thorough examination of the abdominal contents, the injec- 
tion of the retroperitoneal tissues m the region of the celiac plexus is accom- 
plished as described above (Plate I, Fig 2) 

The location of the common duct and its point of disappearance behind 
the upper part of the second portion of the duodenum has been made a 
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routine preliminary step m the operation The knowledge of the position 
of this duct affords not only more confidence but also moi e safety in a hbei ai 
mobilization of the second part of the duodenum foi resection of ulcers m this 
region At the same time, such a free dissection enables the operator to 
effect a more secure closure of the duodenal stump (Plates II and III) The 
left gastric vessels and right vagus nerve are then divided and ligated with 
medium “c” silk Following this, vessels running m the gasti ohepalic and 
gastrocolic as well as the duodeiiohepatic and duodenocolic ligaments aie 
individually clamped and ligated with “c” silk Thus the entiie loner fifth 
or pyloric antium of the stomach, togethei with the fiist and upper two- 



Plate III — Fig i Further niobilizition of the first pirt of the duodenum hj sepnriting the gislro 

hepatic omentum 

Fig 2 Cur\ed clamp inserted into opening of gastrocolic omentum, making an opening m the lesser 

peritoneal cur\ature 

thuds of the second portion of the duodenum, are thoioughly mobilized and 
the latter fi eed from the head of the panci eas A medium sized Payr crush- 
ing clamp is now placed across the bod)’- of the stomach at approximately 
the junction of the fundus and the pyloric antrum (Plate IV) The stomach 
IS divided and the posteromedial surface of the duodenum is freed from the 
head of the panci eas Due to the fact that the common duct lies between 
the head of the pancreas and tlie medial wall of the duodenum, a large por- 
tion of the latter may be removed ivithout danger of injury to the former 
The duodenum, having been mobilized below' the ulcerated area, is clamped 
across wnth a small Payr crushing clamp (Plate V) The pyloric antrum, 
pjloric sphincter, first and part of the second portion of the duodenum are 
then removed together with the ulcer The stump of the duodenum is closed 
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With two layers of suture (Plate VI), the first a continuous suture of “o” 
chromic catgut This is placed nndeineath the cnishing clamp in such a 
mannei that the ciushed tissue beyond it can be cut off zmthoiit dangei of 



Pl\te I\ — riG I DiMsion of stomach just proximal to pvlorus This illustration is 
some^\hat misleading as more stomach is remoaed than demonstrated in this illustration The 
impression from this would lead one to beheie that less than the lower fifth of the stomach is 
excised The proximal Paj r clamp is also larger than the distal one on the duodenal side 

Fig 2 Dissection of the pyloric end of the stomach and fiist portion of the duodenum from 

the head of the pancreas 

Fig 3 Duision across the duodenum in the second portion, removing that portion containing 

the ulcer 

cutting the sutiu e line The advantage of removing this ciushed tissue, which 
will become neciotic, is obvious With this type of suture only viable tissue 
IS turned m Interrupted Halsted sutures of fine “a” silk are then used to 
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inveit the first continuous sutuie line All bleeding points about the head 
of the panel eas are tiansfixed rMth fine silk This pioceduie is felt to be 
important because the pancreatic tissue cut acioss in the fieeing of the second 
portion of the duodenum may, if not sewn up, give use to a diamage of 



Plate V — Fir i Denionstntes the method of closure of the duodenum A continuous nnttress 
suture distal to the Pajr cHmn is pHced so the crushed tissue can be excised as shown in PiLure a, 
leating onij \iab!e tissue to be turned in with interrupted silk sutures as shown in PiLurcs 3 and 4 


pancreatic feiments that will piecipitate a peritonitis similar to that seen 
in acute pancieatitis Care is taken to inseit a small part of the beginning 
01 extreme right portion of the gastrocolic omentum between the raw surface 
of the head of the pancreas and the duodenum, in order to pre\cnt any 
possibility of digestion or erosion of the stump of the latter Attention is 
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Plate VI — Fig i demonstrates Halsted’s interrupted sutures placed in position before tying 
making up the posterior row Also the noncrushing intestinal damns in place, both on the stomach 
and jejunum A gauze net webbing is used as a sleeve over the clamp blades rather than rubber 

Fig 2 demonstrates opening the jejunum, also trimming aitay of the crushed, devitalized tissue, 

resulting from the use of the Pajr clamp 

Figs 3 and 4 show the inner and outer layer of sutures The inner layer is continuous JNo i 

chromic catgut 

looped antecolic gastrojejunostomy can be performed readily and without the 
necessity of an entero-enterostomy The colon and greater omentum are 










A olume 110 
^ umber 5 


ANESTHESIA IN STOMACH SURGERY 


returned to the peiitoneal cavity by shunting them to the left of the pioximal 
loop of the jejunum When this lattei poition of the intestine is sewn to the 
cut end of the stomach, the distance bet\veen Treitz’s ligament and the begin- 
ning of the gastrojejunal anastomosis at the lessei cuivatuie of the stomach is 
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^ Demonstrating the anastomosis completed, the pro\innl end of the jcjnntim 
to the lesser cur\ature of the stomach in Figure i, closure of the abdominal wall with in 
terrupted medium silk in Figure 2, and the skin in Figure j Xo stai sutures used 


only three fingers’ bieadth A few centimeters proximal to the Payr cruslnng 
clamp, a noncrushing clamp is placed upon the stomach and a similar one upon 
the jejunum Gauze w'ebbmg is used to cover the blades of the noncrushmg 
intestinal clamps in preference to rubber, the former IiaMiig the ad\autage of 
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being far less bulky and affoidmg much greatei purchase, and therefore, 
capacity to hold with less piessuie exerted on the tissue thiough the blades 
of the clamp The Payr ciushnig clamp is then lemoved and mucosa clips are 
placed upon the cnt end of the stomach embracing only the ciushed portion 
of the stomach wall, while the imprint of the Payr clamp is plainly visible 
(Plate VI) Halsted inteiiupted fine silk sutuies aie then inseited about o 5 
cm apart, as the posterioi sutuie line The entire suture line is placed befoie 
any of the sutuies are tied, thus allowing more room for inseiting successive 
sutures accurately than if they aie tied as placed The ciushed portion of the 
stomach wall, which has been grasped by the mucosa clips, is then excised 
The posteiioi inteiiupted suture line is much more easily and accurately 
placed if the mucosa clips are allowed to remain on through this step m the 
operation This is due to the fact that the clips, lying in such a manner that 
their handles point to the left, cause the posterioi wall of the stomach to be 
thrown anteriorly and place it in a more convenient position foi sutui mg The 
jejunum is then opened and a continuous suture of No i chromic catgut is 
jilaced as an inteinal suture line in both the posterior and anterior lips of the 
mucosa These stitches ai e locked only at the ends, to prevent any chance of 
diminution of the stoma by constiiction The final anterior row of Halsted 
interrupted “a” silk sutures is placed in position before the noncrushing intes- 
tinal clamps are removed, but they aie not tied This is accomplished after 
the stomach and intestine have been leleased fiom the noncrushing clamps 
In this manner the sutures aie more accuiately placed and then tied without 
exerting any tension on the wall of the visceia A couple of intenupted su- 
tures are placed between the lateial wall of the proximal loop of the jejunum 
and the transverse mesocolon to prevent a loop of jejunum lower down from 
slipping through this potential opening The anastomoses have so far been 
made isopei istaltic with the proximal loop sewn to the lesser cuivature 

The abdomen is closed m the following manner The linea alba with in- 
terrupted double medium silk and the skin with inteiiupted fine silk sutures 
(Plate VII) 

I)i5ci(^5ioii — The use of combined anesthesia is not new, but the employ- 
ment of a very light nitrous oxide and oxygen analgesia together with the 
cieation of a block of the abdominal sympathetic nervous system, in opeiations 
upon the stomach, forms a difleient combination than heretofore used The 
inevitable fall m blood pressure that occurs when only local and splanchnic 
anesthesia is employed is avoided by the stimulating effect of the nitrous oxide 
and oxygen Entirely aside from the anesthetic effects of local infiltration, m 
and about the celiac sympathetic plexus, is the resultant block in this nervous 
pathway both to and from the stomach and small intestine It would seem 
that the interruption of efferent impulses from the operative field to the higher 
centers may play an important role in the prevention of operative as well as 
postoperative shock Regardless of the length of time occupied by the opera- 
tive procedure, there has been no instance of shock during or after the opera- 
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tioii in any one of this senes of 38 patients In fact, no elevation of the pulse 
rate 01 fall in blood pressuie has occtnied eithei dining or after the opeiation 
Relaxation of the abdomen dining the opeiation is fully as complete, if not 
more so, than with a general anesthetic Howevei, even moie striking is the 
uncomplicated smoothness of the immediate postopei ative peiiod of convales- 
cence, the first foui or five days, of those patients in whom the sympathetic 
block anesthesia has been made, compared to those who have been given a 
geneial anesthesia The patients m which svmpathetic nerve block has been 
used weie almost entiiely free fiom nausea, vomiting, distention and meteorism 
encountered m the compai ative senes of cases similaily opeiated upon, but in 
which general anesthesia of one type 01 anothei ivas emplo}ed In the lattei 
group the hospitalization ivas unifoimly longei and m many instances this w^as 
undoubtedly due to the debilitating effect of a not fatal but severe pulmonaiy 
infection or metabolic distuibance piusuant to the inability of the patient to 
resume his 1101 mal fluid intake immediately after operation It is believed that 
the sympathetic neives to the stomach and small intestine piovide mainly the 
inhibiting fibeis that give use to positive dilatation 01 relaxation^ preceding a 
conti action w^ave, the impulse foi which comes laigely thiough the vagi In a 
few cases of intractable bionchial asthma in wdnch the thoracic trunk of the 
vagus neive was mteifeied wuth. theie lesulted a most seveie 01 obstinate dis- 
tention of the highest degiee It is likewise felt that the temporal y lemoval of 
or inteifeience wuth the function of the sympathetic nerve impulses thus has 
a tendency to pi event distention, meteorism and stasis by procuring m this 
maiinei an unantagonized vagotomic effect Resection of the pyloric antrum 
for peptic ulcei of this stiuctuie oi the duodenum is felt to be desiiable 
because 

(1) Fiom fluoroscopic obseivations the pyloiic antium 01 “pyloric mill” 
IS the most active portion of the stomach from the standpoint of tonic and 
peiistaltic conti action That such musculai activity m the gasti o-mtestmal 
tract IS pioductive of symptoms even m the absence of ulcer is a ivell knowui 
clinical fact 

(2) Recent physiologic obseivations have established, beyond peradven- 
ture, that the chemically stimulated gasti ic secretion, in conti adistmction to 
the psychic secietion, is moie piolonged than the latter and results fiom the 
secietory activating influence of a hormone, “gasti m ” The latter is ]iroduced 
almost entuely m the mucous membrane of the pyloric antrum The total abla- 
tion of this poition of the stomach removes from the secietory chain one of the 
majoi links m the secietoiy mechanism The proof of this asseition is to be 
found m the follow-up examination of these patients Ovei 85 per cent of 
them have been examined In each of these, a plain, 111 some, an alcohol, test 
meal has been employed In two patients only has there lieen a persistence of 
a high flee and combined acid, but both of these are symptom free and per- 
fect!} well In the lemamdei examined theie has been eithci no free Indro- 
chloiic acid 01 a \eiy small amount with a low combined acidity The time 
elapsing since opeiation vanes fiom foui lears to six months, and, so far, 
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there have been no instances of definitely detectable recuirence of an ulcer or 
marginal ulcer at the site of the gastro-jejunal anastomosis Hemorrhage 
recurred three times in each of two patients following operation One is at 
present in the Johns Hopkins Hospital recovering from a severe hemorrhage, 
the source of which is unknown at piesent The other, a medical student, is 
now well and at work The soui ce of his postoperative hemorrhage was like- 
wise undetermined Fluoroscopic examination of these postoperative stom- 
achs has shown the emptying time to be slightly faster than normal 

(3) The remaining portion of the second pait of the duodenum is placed 
at rest by shunting food and gastric secietion away from this potentially ulcer 
bearing area 

From the technical side, the short-loop, antecolic gastrojejunostomy has 
these points to recommend it 

(1) It IS probably the simplest of gastiic lesections to perform, and is 
apparently efficacious 

(2) The mortality is much less than m the more extensive resection and 
the ultimate postopei ative results aie equally as good 

(3) If further opei ative procediiies should piove necessary, more stomach 
lemains to operate upon 

(4) The antecolic is to be jDiefeiied to the retrocolic anastomosis because 
the proximal loop of jejunum is just as shoit in the foimer as in the latter 
Fuither, the complications that not infiequently aie precipitated by the meso- 
colon are thus avoided 

(5) With such a shoit pioximal loop in the jejunum, an entero-enteros- 
tomy is unnecessaiy The length of jejunum from Treitz’s ligament to the 
beginning of the anastomosis is not over three fingers’ breadth 

( 6 ) The removal of devitalized tissue by the crushing clamp enhances 
primary healing of the suture lines 

(7) Attention is called to the continuous sutuie distal to the small Payr 
crushing clamp on the duodenum This suture line is placed in viable tissue 
beyond the clamp so that when the ciushmg clamp is removed and the crushed 
tissue trimmed away, the subsequent inverting Halsted interrupted sutures 
turn m only healthy tissue In other methods of sutures, such as the Parker- 
Kerr, there remains a line of clamped necrotic tissue in an infected blind 
pouch It would seem better to remove this tissue 

CONCLUSIONS 

(1) A combination anesthesia consisting of sympathetic nerve block with 
a light nitrous oxide and oxygen analgesia has given excellent results in re- 
section of the stomach 

(2) Resection of the p)doric antium or “pacemaker” of the stomach com- 
bines the attributes of simplicity and safety as well as the restoration of the 
jiroduction of gastric secretion to approximately normal 

(3) Extensive resections of the stomach are far more hazardous and no 
more efficacious in the great majority of cases 
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(4) Thus minimal resection of the stomach, removing onl} the pyloiic 
antium, is a rational proceduie based on known anatomic and physiologic 
data, and from the standpoint of immediate and postopeiative results is suf- 
ficiently radical to restore the patient to a normal state of health in the gieat 
majority of instances 
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Discussion — Dr Harvey B Stone (Baltimore) All of my own cases 
in the group which Doctor Rienhoff has repoi ted wei e operated upon under 
general anesthesia I did not employ splanchnic block in any of my cases, and 
two of the three pneumonia deaths were among my own patients 

It IS laigely a matter of speculation, of couise, as to what might have been 
the lesult m these particular patients had they been opeiated upon undei 
splanchnic block lather than inhalation anesthesia, but for the sake of his 
piesentation, I wish to acknowledge very frankly that the pneumonias weie all 
in the gioup receiving inhalation anesthesia 

I think there is nothing more that I have to add except to say that I have 
been impiessed with the ease and safety of the limited lesection with an ante- 
colic Polya type repaii without the addition of an entei o-entei ostomy It 
certainly is a much simpler and less hazardous pioceduie than the moie exten- 
sive lesection 

On three occasions, I have lesected small carcinomata in the pyloric region 
of the stomach under simple abdominal wall infiltration anesthesia without 
eithei general inhalation or neive block, and without any evidence of particu- 
lar distiess on the part of the patient 

Dr j Shelton Horsley (Richmond, Va ) The method of anesthesia 
that Doctor Rienhoff has so well desciibed is excellent, particularly in patients 
who are bad risks and who are elderly I have not infrequently found that a 
paitial gastiectomy after that type of anesthesia will result in the patient’s 
leaving the table with practically the same pulse late, and almost the same 
blood pressure, as he had when he came m If it has any tendency to fall, the 
blood pressuie is kept up by intravenous dextrose and Ringer’s solution 
The excision of the p}loric end of the stomach does take away, as Doctor 
Rienhoff has said, a kind of hormone w’hicli Edkins described, in 1906, as being 
produced in the p} lone portion of the stomach It seems to activate the rest of 
the stomach The pyloric end of the stomach, how'ever, secretes alkaline ma- 
terial and not acid Resection of one-half or two-thirds of the stomach, docs 
undoubted!) reino3e much of the acid-beanng portion of the stomach and, 
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theiefoie, deci eases the manufactuie of acid for a while but piobably not 
permanently Foi instance, if one reasonably healthy kidney is removed as 
the result of tiauma, theie may be some tempoiaiy strain upon the othei 
kidney, but soonei or latei the othei kidney takes up the whole function and 
caiiies on just as well as if theie weie two kidney's Similaily, sooner or latei, 
after an extensive gastiectomy, the lest of the stomach doubtless secietes as 
much acid as the whole stomach did before 

Doctor Rienhoff, as is his habit, presented this so well, and his pictures are 
so beautiful, that it would seem almost brutal to say a word of adveise criti- 
cism, and yet I cannot refiam fiom remaikmg two oi three things One is 
that a Bilhoth I type of opeiation, as I tiied to demonstiate this morning, 
preserves the physiologic function moie neaily than the Billroth II type The 
sensitivity of the intestinal mucosa to acid increases below the duodenum 
Two 01 three feet below the oiigin of the jejunum is a legion of bowel that is 
much more likely to be affected I^y the acid pouimg into it than the duodenum 
The closui e of the duodenum not mfi equently i esults m back pi essui e, and 
occasionally in a duodenal fistula, which would be difficult if not impossible 
when the Billroth I modification is peifoimed 

Still anothei ciiticism is that when the wound in the pancieas is left after 
shaving off pancreas with a knife, instead of the cautery — the cauteiy seals 
It and makes it steiile and kills some of the infective agents — the pancreas is 
left exposed and unpiotected wheieas, when it is cut with a cauteiy and the 
Billroth I modification desciibed this morning, is employed, the stomach is 
hi ought over to the stump of the duodenum, united in a physiologic w'ay, and 
the wounded surface of the pancieas is coveied by the posteiioi wall of the 
stomach 


Dr Frank H Lahey (Boston) Aftei having had a fatality from a cyclo- 
propane explosion, w^e inteiested the Massachusetts Institute of Technology in 
trying to find out wdiat caused the explosion and to develop something which 
will probably dimmish the likelihood of such exjDlosions This is only one 
thing towaid reducing explosion hazaids, but I would feel wrong if I w^ent 
home wnthout presenting the plan of this intercoupler which has been devised 
This woik has been done by Piofessor J W Hoi ton, Piofessoi of Biologi- 
cal Engineeimg at the Massachusetts Institute of Technology, in cooperation 
with the membei s of the Depai tment of Anesthesia of the clinic 

This inteicouplei unit provides a means for electrically mtercoupling the 
patient, the anesthetist, the machine, and the operating table It thus keeps 
them all at the same electiical potential Its purpose is to eliminate static 
spark between any two of these bodies and thus reduce the hazaid of igniting 
explosive anesthetic agents You all know^ the value of ordinal y mtercoupling 
in reducing static This is, how^evei, a new type of intercoupler It has five 
segments to it, and each segment has m it a lesistance of one million ohms, 
that is, one megohm This lesistance of one million ohms is introduced into 
the connection betw^een each pair of intei coupled bodies, making it possible to 
mtercouple five units — table, anesthetist, appaiatus, anything else, five in- 
dividuals can be mtei coupled with a resistance of one million ohms between 
each one In this way certain iisks which would accompany direct 
coupling by ordinary chains or wiies aie avoided Any curient from the 
lighting circuit which might accidentally pass to the patient or anesthetist 
thiough the mtercoupling connection is limited to magnitudes wmich are no 


dangerous 

The mtercoupled bodies aie 
ment, I think) from acting as a 


also prevented (this is the important develop- 
single electiostatic condenser of high capacity 


902 



^ olumc 110 
?i umber "i 


ANESTHESIA IN STOMACH SURGERY 


This IS desirable in oider not to niciease the energy in any spaiks nhich ma} 
be received from unintei coupled bodies It must be emphasized tliat the sole 
function of the mtercouplei is to equalize electrostatic potentials between such 
bodies as may be dnectly connected to it It provides no immunity fioin elec- 
tiostatic dischaiges fiom other bodies Its use does not justify the neglect of 
any other possible precaution against electrostatic spaiks oi against othei 
agents ivhich may ignite inflammable gases 

We do not sell it, we aie not interested m it It is built by the hospital 
It costs but $7 50 It IS veiy definitely a method by which spaiks built up m 
a unit, which is pait of the opeiation, can be reduced to such a degiee of heat 
that they will not ignite inflammable gases This is of paiticular impoitance. 
since most of the explosions will occui fiom leakages about the face mask 01 
from within the appaiatus itself 

I do not think this is the complete answei to the pievention of explosions 
It is, however, a distinct aid in pi eventing explosions fiom their common 
cause, that is, charges built up ivithin individuals or within appaiatus and the 
pioduction of static sparks paiticularly close to the mouthpiece 

Dr Roscoe Graham (Toionto, Canada) I should like to present ceitain 
facts in regal d to our impiessions of spinal anesthesia in abdominal suigeiy 
Conflicting repoits, conflicting enthusiasms, and the unfoitunate sequelae that 
have been repoited would seem sufficient to condemn spinal anesthesia De- 
spite the fact that these lepoits have been published, the preference of oui 
staff for spinal anesthesia m upper abdominal lesions is lepiesented by 144 
instances in 158 recent uppei abdominal opeiations 

I think that the conflict of practice and report is probably due to the fact 
that many statements are passed on ivithout substantiation Doctoi Foss’ 
case IS an excellent example of ivheie an entiiely iiielevant lesion is blamed on 
the anesthetic We believe that the adequate operation which can be pei- 
formed under spinal anesthesia is a great advance Your experience may be 
at vaiiance with ouis, but m the question of common bile duct lesions, prloi 
to Januaiy, 1934, ive nevei did find more than a 10 pei cent occurrence of 
stones in the common bile duct m conjunction with cholelithiasis Theie was 
a leason We opened the common bile duct onlj in cases ivhere it was obvi- 
ously iinpaiied, because the tiauina, resultant moibidil}'-, and the distuibed 
convalescence deteiied us 

Our mteiest in modifying the oidinaiy inhalation anesthesia started m 
1926 At this tune, we adopted splanchnic block thiough the open abdomen 
as advocated by Doctor Finsterei and piesented to you to-day by Doctoi 
Rienhoff I think it was good foi the patient It was hard on the surgeon, 
and in 1930, we supplanted this by the use of spinal anesthesia 

In the last 31 1 cases of cholelithiasis, w^e have exploied the common duel 
in 46 pei cent of cases and we have removed stones in 21 jier cent That is a 
sad comment on oui ability as suigeons pieviously, but it is an excellent com- 
mendation of oui belief that wuth the relaxation of spinal anesthesia m these 
complicated and difficult mti aperitoneal opeiations, w’e can carry out this tipc 
of opeiative and technical proceduie with full confidence that that procedure 
IS not adding to the mortality and niorbidit\ Furthermore, we beheie that 
the conflict of opinion and practice with regard to spinal anesthesia is due to 
thiee factors First the choice of the anesthetic agent, and second, the 
anesthetist We ha\e neiei used an anesthetic agent that was not dependent 
foi the height of anesthesia on the \olunie of fluid injected \\ e u‘=c procaine or 
noiocain. eithei 111 cnstal form or m solution, or nupercain in i i 500 dilution 
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We have nevei had a serious neuiologic lesion We had one which was 
discovered only on the day following operation, and that was the paresis of the 
external rectus muscle of the eye It seems difficult to understand that such 
could be due to the spinal anesthesia, but it has been reported by others It 
cleared entnely m three weeks 

The thud impoitant factor we believe is the method and the technic of 
administration We most heaitily must condemn the surgeon who is his own 
anesthetist and uses spinal anesthesia We believe that spinal anesthesia, 
unless administered and supervised by a skillful and adequately trained an- 
esthetist, IS a dangerous anesthetic We believe that we must correct bio- 
chemical faults and fluid imbalance befoie administering spinal anesthesia 
We furthei believe that the use of small needles. No 22 gauge, is of impor- 
tance m preventing postoperative spinal headaches In addition, the elevation 
of the foot of the bed ten inches foi ten hours and the intravenous administra- 
tion by the diip method of 1,500 to 2,000 cc of saline postoperatively we be- 
lieve IS of impoitance in preventing spinal headache 

The freedom fiom complications with spinal anesthesia is outstanding in 
our expel lence when compared with a similai group of operations carried out 
under inhalation anesthesia 

Many of the condemnations of spinal anesthesia are because it is not of 
sufficient duiation to peimit prolonged and complicated intrapentoneal opera- 
tions That IS ti ue, technically, 111 the cases such as were described this morn- 
ing of the gastrojejunocohc fistulae which aie particularly difficult and require 
prolonged procedures 

The supplemental inhalation anesthesia, pai ticularly if the patient has been 
given adequate pieopeiative sedation, we feel is accompanied by real handicap 
We had one patient who died, we believe, of anoxemia and fulfilled the re- 
quirements which Doctoi McClure and Doctor Hartman presented The 
patient had been given major sedation previous to operation, and that had 
been supplemented during the operation by inti avenous sodium amytal to con- 
trol the nausea Following the supplemental inhalation anesthesia, the patient 
developed apnea foi some time, with the lesultant anoxia The patient died 
seven hours latei 

If the duiation of the opeiative piocedure is such that it is likely to require 
supplemental anesthesia, we do not give excessive sedation, and we do not 
supplement with deep inhalation anesthesia, but anticipating the diminution of 
the efficacy of our spinal anesthesia, we use splanchnic block at this time coupled 
with field block That has been most efficacious, and I would only ask, in 
conclusion, that we recognize the limitations of spinal anesthesia, that we 
recognize it as a dangerous anesthesia unless theie is adequate preparation, 
skillful support, supei vision and administiation of the anesthesia, that we 
hesitate to pass on criticisms and statements of sequelae without first sub- 
stantiating them by fact 

Dr Fraser B Gurd (Montreal, Canada) I feel that it is necessary, or at 
least advisable, on my part to indicate the reason why, three years ago, we 
were induced to commence the employment of spinal anesthesia for thoraco- 
plasty 111 the treatment of pulmonary tuberculosis 

About 50 years ago, there was established in Montreal the Grace Dart 
Home The establishment of this home was in order that cases about to die 
from pulmonary tuberculosis could be, in the first place, removed from tneir 
homes, and in the second place, made as comfortable as possible In 1932, a 
hospital was built to replace the home Nevei theless, the traditions o le o 
Grace Dart Home continued, and to the new hospital was admi e , in arge 
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measure, the same type of cases An opei ating room had been pi ovided m the 
new hospital, and, in 1933, I was asked to oiganize a surgical staff for the 
purpose of employing suigical theiapy m the treatment of the cases 

Our medical staff, that is, the physicians pioper, put the matter up to me 
in this way, stating that “We ai e all familiai with the 1 esults of thoracoplasty 
m the properly selected cases according to Doctor Aichibald’s good, chronic 
t3'pe Will you be willing to undertake surgical interference m the type of 
cases we have m this hospital in oider to discover whether these cases, or 
some of these cases, who appeal to be destined to eai ly exitiis cannot have the 
course of the disease an ested 

Having worked for three years m France at a Clearing Station, and having 
under those conditions had thousands of young men die under my care, I re- 
plied that I was quite piepared to cany out such a form of treatment 

During the first two or thiee yeais (the service, by the way, is not a large 
one), there were 27 cases operated upon, that is, about 100 opeiations We 
employed all forms of anesthesia and all mixtuies of anesthetics, including 
cyclopiopane, evipal, aveitin, ether, nitrous oxide, and vaiious forms of pie- 
opeiative sedation Of the 27 cases opeiated upon pi 101 to July, 1936, we 
had seven deaths within six weeks of operation, that is, we had seven which we 
considered postopeiative deaths I felt it was necessaiy, having such a moital- 
ity rate, to state my apologia befoie stating the figures 

Four of those deaths weie fiankly due to bronchial spreads of the disease, 
and the postoperative institution of an acute pneumonic phthisis In addition, 
there were eight other cases in which extensive and maiked bronchial spreads 
occurred Those patients ultimately died, and more quickly, we are sure, than 
had they not been opeiated upon 

We were depressed, and spoke to Doctor Bouine, who has spoken to us 
here this afternoon, and asked him whether he thought we could try some 
other method, especially spinal anesthesia, in the hope that m this particular 
type of case we might be able to impiove our results 

I am going to state the matter veiy biiefly fiom here, gentlemen Since 
July, 1936, we have operated upon 42 cases, 24 of whom veie bilateial We 
have had two deaths in the operating room We have had thiee commotions, 
I would call them, that is, in thiee cases we were disturbed m the operating 
room by the condition of the patient The patients, however, afterwards did 
well There have been thiee minor spreads We have had no deaths othei 
than the two in the opeiatmg 100m duiing the fiist two months following 
operation 

Of those 42 cases, 37 were extrapleuial thoracoplasties, usually three-stage, 
commencing with the third, second and first ribs, and five were the production 
of extrapleural pneumothoi aces which, as you know, necessitates, among other 
things, the dissection of the exti afascial plane of the thorax from the brachial 
plexus and the subclavian vessels 

In no case have we had to supplement with any other anesthetic In no 
case has there been any complaint or special apprehension on the part of the 
patient who had to undergo a second and then a third operative procedure In 
but two cases have we deemed it expedient to emplo}' blood transfusion, al- 
though as a matter of fact we aie m a position to employ blood transfusions 
easily, but w'e have not thought it necessary 

We have emplo\ed the Etherington-Wilson technic, which is that, in the 
erect posture, from 12 to 13 cc of nupercain (i 1,500) is introduced between 
the second and third lumbar interspace The back of the patient has been 
estimated as being long, shoit or medium m length We ha%e, or rather 
Doctor Bourne has. following the commencement of the introduction of the 
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hypotonic, that is, hypotonic as compaied to the cerebi ospmal fluid, started 
the stop-watch, and from 50 to 55 seconds has been the length of time which 
we have deemed was the proper length of time to reach the sixth ceivical 
region, approximately 

That, briefly, gentlemen, is our statement As I said in the first place, we 
explained as to why we felt justified m carrying out the experiment Our 
experiment, if such it may be called, and I think it can be properly called so, 
IS justified by our results, and in any event it pioves quite conclusively that 
with comparative safety, and with certain satisfaction to both surgeon and the 
patient, the first nb together with its transverse piocess may be removed in 
its entirety, and as I have already pointed out, that necessitates the displace- 
ment of the whole of the brachial plexus, since we make it a practice to carry 
out substantially Semb’s procedure without undue mortality We are not 
certain why the two patients died in the operating room We are prepared to 
admit that they were due to our form of anesthesia, although that is not posi- 
tively certain in our own minds 

Dr Erwin R Schmidt (Madison, Wis ) The discussion this afternoon 
has raised certain questions m my mind In the discussion on anoxia, I am 
not woiried so much about the people that died, because they are evidently 
taken care of, but I am wondering about the many people who have been 
crippled by different degrees of anoxia of which we know very little It cer- 
tainly IS a subject over which we as surgeons should very carefully cogitate 

With reference to the explosions, having been one of the individuals who 
helped bring cyclopropane into the surgical field, there are certain questions 
that come up in my mind In the first place, several years have elapsed, and 
cyclopropane has been used, and it is only recently that the explosions have 
happened That is one question 

Then, as far as the statistics aie concerned, I do not believe much in 
statistics any more At the present time we are getting some reports of ex- 
plosions, but as far as I know, ever since the discovery of anesthesia — ether 
and chloioform — we have had several agents at our disposal, and of all the 
agents, only local and chlorofoim are nonexplosive agents It is my personal 
opinion that we know very little of what is happening in the field of anesthesia, 
because only within the last few years have we had people who knew some- 
thing about anesthesia, and these individuals are interested in reporting -what 
they have found, a real search after the truth Before this time, I have a 
feeling that a great many explosions aie buried in the memories of men 

We come to realize that there aie many agents, and it seems to me as 
surgeons we have to realize that it requires a great deal of knowledge in many 
different ways in order to bring the information which we have to focus on 
the problems we have with each individual patient I agree very heartily with 
Doctor Graham, when he discussed spinal anesthesia, that it is only within 
the last few years that we aie leally obtaining some evidence that we can de- 
pend upon in determining the clinical course, or the things we want to do with 
patients as far as anesthesia is concerned 

Now, it seems to me that viewing this with a geneial, broad viewpoint, it 
sums Itself up something like this What may be a good anesthesia in my 
hospital IS not a good anesthesia in your hospital, and if we recognize that and 
use some common sense m the agents that we employ, so that m each in- 
dividual place the agent, whatever it may be, is the best one that can be em- 
ployed in that individual place, then I think we will find a great improvemen 
m our anesthesia, and I believe that the enthusiasm, the work and the science 
that have been applied by this small group of individuals, are going o amp 1 y 
the art which has been practiced so many years in surgery and anes esia 
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Two YEARS after the isolation of insulin by Banting and Best/ in 1922, 
It was discovered by Fisher^ and by Allan, Bowie, Macleod, and Robinson^ 
that completely depancreatized dogs could not be kept alive foi long, even 
though adequately treated with the new hormone Death usually took place 
within tuo or three months At autopsy, the livei was found to be maikedly 
enlarged and its parenchyma almost entiiel}^ replaced by fat (Figs i and 2) 
Tiie addition of raw pancreas to the diet was found by Macleod and his asso- 
ciates to prevent the development of these liver changes and to peimit sur- 
vival for long periods of time These findings have been repeatedly confiimed 
In 1930, Hershey,'* and, in 1931, Hershey and Soslon,' repoited that the 
addition of 10 Gm of lecithin daily to the diet of the depancreatized dog 
treated with insulin was also effective in preventing the chaiacteiistic hvei 
damage and in peimitting survival The active constituent in this effect was 
found by Best and Huntsman,® and Best, Ferguson, and Hershey’^ to be 
choline 

The depancreatized animal suffers from two obvious deficiencies — insulin 
and pancreatic juice The fact that insulin, togethei with an adequate, bal- 
anced diet, does not suffice to permit such animals to survive in good health 
suggested that the pancieatic secretion might also be necessary In fact, it 
was this possibility that led Macleod and his associates to investigate the 
effect of feeding law pancieas as a souice of the pancreatic enzymes The 
discovery that lecithin and choline were, at least to some extent, effective in 
preventing the liver changes in depanci eatized dogs cast doubt on the assump- 
tion that pancreatic juice 01 ceitam of its constituents were necessary, and it 
uas perhaps fairly generally believed that the beneficial effect of pancreas 
feeding was due to its content of lecithin and choline 

During the past four jears, a consideiable amount of evidence has been 
accumulated m our laboratoi)'® ® wdiich indicates that neither of these 
assumptions is correct On the other hand, the conclusion seems inescapable 
that the pancreas manu factures a second internal secretion, apart from msuhn. 

* Tins work has been aided bj grants from the josiah Mac>, Jr, Foundation, the 
Committee on Research in Endocrinologj of the National Research Council , the Doug- 
las Smith Foundation for Medical Research of the Uni\crsit> of Chicago, and the FIi 
Lilh Co 

T Read before the American Surgical Association, Hot Springs, Va , Ma\ n, 12 , 
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which plays an important and perhaps vital role in metabolism This evidence 
may be m pai t summarized as follows 

(a) The failure of the insulin treated depancreatized dog to survive is 



(a) (b) 

Fig I — (a) Photograph of normal liver of dog (b) Photograph of the luer of an 
animal of approximately the same size, that had been depancreatized and preserred as 
long as possible bj the administration of insulin Death occurred after 6o days and, 
at autopsy, the liver Mas found to be enlarged and bright jelloM in color 

not due to the absence of pancreatic juice or its constituent enzymes, since 
animals with complete pancreatic fistulae may suivive indefinitely if deminer- 



Fig 2 — Photomicrograph showing the marked fatty infiltra 
iwn of the Jner in a depancreatized dog fed a balanced diet and 
treated adequately with insulin Death occurred 6o days after 
pancreatectomy 


ahzation and the development of ulcers in the stomach and duodenum are pre- 
vented * Such animals do not develop the fatty changes in the liver 
which appear in insulin treated depancreatized dogs Furthermore, the oral 
administration of fresh active pancreatic juice does not prevent the develop- 
ment of fatty infiltration of the liver in depancreatized dogs nor prolong life 
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As a matter of fact, the fatty infiltration occuned somewhat soonei and was 
more marked m these animals than in the contiol group that received no 
pancreatic juice This is probably to be attiibuted to the better digestion and 
absorption of fat in the foi mer case 

(b) The beneficial effect of pancreas feeding in pi eventing the fatty in- 
filtiatioii of the hvei in insulin treated depancreatized dogs ib not due to its 
content of lecithin or choline, since livei and hi am, which contain even moie 
of these substances, have no such beneficial effect ® If depancreatized dogs are 
fed a mixed diet of piotein, cai bohydrate, and fat and the diabetes is veil 
controlled by insulin, it lequiies at least 20 Gm of choline over and above 
that which is present in the food in order to pi event the charactei istic fatty 
changes in the liver One hundied Gm of fiesh pancieas, which is an ade- 
quate preventive 01 curative dose, contains only 232 mg of choline 

(c) It has been possible to piepaie extracts of pancieas that are entirely 
free fiom lecithin and piactically fiee of choline and which are just as effec- 
tive as raw pancreas 111 preventing or cuiing the fatty changes in the hveis 
of depancreatized dogs and 111 pei nutting these animals to survive The de- 
tails of the method of extraction will be presented elsewdieie It may lie 
stated heie that fiesh beef pancieas is fiist thoioughly exti acted with neutral 
alcohol The filtiate may then be evapoiated to dryness and exti acted with 
ethei The ethei exti act contains the fat of the pancreas and hence practi- 
cally all the lecithin and choline, but has no theiapeutic value The fat-free 
alcohol exti act is, how^evei, effective on oral administiation m amounts of 
fiom I to 2 Gin pei day 111 pi eventing and cm mg fatty infiltration of the liver 
in depancieatized dogs Figuie 3, a, b, c, d, e and f, illustiates the improve- 
ment in the histologic appeal ance of the liver hi ought about by this material 
This fat-free alcohol exti act may be fuither concentrated and purified by dis- 
solving it in w^atei and then piecipitating it out by saturation with ammonium 
sulphate The piecipitate may be then dissolved in glacial acetic acid The 
addition of ether to the glacial acetic acid thio\vs out a piecipitate wdnch has 
been found to be active by both oral and subcutaneous administration in 
amounts of less than 150 mg per day This pioduct contains no fat and is 
free of appreciable amounts of choline 

The demonstration that a second mteinal secietion is normally piovided 
by the pancreas depends upon the lecognition that the depancreatized dog, 
fed upon a mixed diet of piotein, cai bohydrate, and fat is not restored to a 
normal state by the adequate administiation of insulin and jiancrcatic juice, 
and that the remaining deficiencj can be coriected In the 01 al administration 
of pancreas or of cei tain exti acts of pancreas, but not b) other organs \\ e 
Ime suggested the name “Iipocaic ’ for this hormone This is derned from 
the Greek and suggests in a general wa\ the oxidation of fat The function 
of this internal secretion is still \ei} little understood Tlie sequence of 
e\ents which common]} follows when a dog is pancreatcctomized and tiiiis 
deprned of pancreatic secretion, insulin and lipocaic is as follows* II\pcr- 
ghcemia, h} perlipemia, ghcosuna disturbance m digestion, increasing cma- 
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ciation, and death from so-called pancreatic diabetes in one to four weeks 
If this depancieatized animal be placed on a mixed diet of piotem, carbo- 
hydrate, and fat, given active pancieatic juice by mouth, and sufficient insulin 
(usually 10 to 20 units) to limit the excretion of urinary sugai to about 10 
Gm per day, life is considerably piolonged and the defect due to the absence 
of lipocaic made manifest 

There occurs a steadily lessening excretion of glucose m spite of continu- 
ally deci easing doses of insulin, until after five or six w'eeks the animal may 
excrete only a gram or twm of glucose per day and receive only tw'O 01 tin ee 
units of insulin Larger amounts, even five units, may at this time provoke 
fatal hypoglycemic convulsions Superficially, it might appeal as though the 
animal w^eie recoveiing from the diabetes How^ever, ceitain definite abnoi- 
malities are present The blood fats are reduced to appi oximately one-half 
of the normal concentiation and tests reveal defective liver function An 
abnormal retention of bromsulphalein^'* is commonly found Wheieas diges- 
tion and absoiption aie impioved by the administiation of pancieatic juice, 
the animal becomes pi ogressivel}*^ w'^eaker and emaciated and death occuis 
At autopsy the livei is found to be enlarged to thiee 01 four times its 1101 mal 
size and so infiltrated wnth fat that its normal aichitecture is entirely ob- 
scured Of 154 depancieatized dogs, whose couise was caiefully studied m 
oui laboratoiy, only 13 failed to develop these fatty changes Both icgulai 
and protamme-zinc insulin have been used m this w'ork and no significant 
difference observed 

If lipocaic be given to such a depanci eatized animal at the time wdien the 
sugai excietion has become minimal, the insulin requirement reduced, the 
liver function impaired, and the concentiation of blood fats deci eased, a sti ik- 
ing change is produced The blood lipids increase to normal or gi eater than 
normal values, an immediate and laige excretion of glucose m the urine 
occurs, and the msuhn dosage may be laised to 20 or 25 units per day with- 
out harm Liver function returns to noimal wuthin tw'o or three weeks and 
occasionally soonei Biopsies of the liver during this period disclose a rapid 
disappearance of the fat and a return of the noimal structure The large 
glucose excietion and increased tolerance to insulin suggest that under the 
influence of lipocaic the fat m the liver is being conveited into glucose The 
possibility of such conversion m the organism has long been recogni/cd for 
the gl}ceiol part of the fat molecule, but denied for the fatt) acid The \er_\ 
large amounts of glucose made available m these experiments seem to de- 
mand such a conveision for the fatty acid The general condition of the 
animal, its w'eight, stiength, and appetite steadily lmpro^e under lipocaic 
administiation and the diabetes reaches a steady state without fluctuations 
m glucose excretion or insulin requirement The subsequent withdrawal of 
lipocaic again produces the characteristic symptoms and findings, which ma% 
be again relie\ ed b\ lipocaic, and this process often repeated 

It seems likeh that clinical application of these findings on the lower 
animals will be obtained chiefly m medicine There is considerable ceidence 
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at present which indicates that some patients with diabetes mellitus are not 
leturned to an entnely normal state by the administration of insulin A les- 
sened capacity to utilize fats is often present and some students of this disease 
have advocated a low fat, high carbohydrate diet plus insulin in treatment 
Enlaigement of the hvei due to extensive fatty mfiltiation has been reported 
and several of these cases have lesponded favorably to lipocaic administration 
Grayzel and Radwin^^ treated three young diabetics with hepatomegaly 
by means of lipocaic and secured a stiikmg recession of the hvei to its nor- 
mal size ^^’'hen the lipocaic was discontinued, the hepatomegaly returned 
and again receded when lipocaic was lesumed The diabetes in these pa- 



(a) (b) 

Fig 4 — (u) Biopsy showing marked fatty metamorphosis of the liver in Rosen 
berg’s case (b) Second biopsy showing the marked improvement in the liver produced 
by the oral administration of lipocaic 

tients had been well controlled by diet and insulin The case reported by 
Rosenbeig^® is of special significance, since it was possible to verify the 
diagnosis of fatty metamorphosis of the liver at opeiation and to secure a 
biopsy specimen, and again to verify the improvement brought about by 
lipocaic at a second opeiation The case was that of a woman, age 59) 
mild diabetes, hepatomegaly, and laboiatory evidence of impaired liver func- 
tion Celiotomy was perfoimed for the removal of an ovarian tumor and at 
this time the liver was found to be enlaiged and grossly fatty Figure 4a, 
obtained through the courtesy of Doctor Rosenberg, illustrates the almost 
complete replacement of the hepatic parenchyma by fat Lipocaic was then 
administered orally for a period of ii weeks, during which time there was 
marked subjective improvement, decrease m the size of the liver, and im- 
provement in its function as determined by the bromsulphalem and hippuric 
acid tests An attack of biliary colic during the twelfth week necessitated a 
second operation and at this time the author repoited a remarkable change 
m the size and appeal ance of the liver, which was now normal A second 
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biopsy (Fig 4b) revealed a complete dtsappeaiaiice of the fat and letiirn of 
the normal histologic structure 

The surgeon will perhaps see cases of fatty metamorphosis of the hvei 
due to hpocaic deficiency where the panel eas has been extensively destroyed 
following attacks of acute pancieatitis oi panel eatic neciosis oi wheie the 
pancreas has been extensivel}^ lemoved in the treatment of malignant disease 
We are indebted to Di Warien Cole foi Figuie 5, which illusliates the ex- 
tieine fatty metamoiphosis in the liver in a patient nho, at autopsy, displayed 
an almost complete destruction of the pancreas, piobably as a lesult of re- 
peated attacks of acute pancreatitis The development by Whipple, Paisons, 
and Mullins^'* of a technic foi extnpation of caicinoma of the ampulla and 



Fig s — P hotomicrograph showing the extensue falt> metamor 
phosis of the Iner in Warren Cole’s case 


of the panel eas seems destined to become incieasmgly successful, and we will 
doubtless see more and moie long-time suivivals following such operations 
We have no reason to believe that the 1 espouse of man to pancreatectomy will 
be different from that in the dog In that case, it seems important to lecog- 
nize that the absence of pancreatic juice from the intestine is relatively un- 
impoitant, leading only to a partial impairment in digestion and absorption, 
whereas the deficiency in the internal secretions, insulin and hpocaic, is 
incompatible with life 
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Discussion — Dr J Shelton Horsley (Richmond, Va ) This is a 
lemaikably inteiesting papei, not only foi the discovery of an apparently new 
histogenesis of fatty changes in the livei, but because it opens up several other 
questions One, for instance, is that in the so-called fatty degeneiation of the 
liver after certain drugs, such as chloroform, which is a well-known cause of 
death after chloroform anesthesia, may it not be possible that this fatty de- 
generation IS not due to a direct effect upon the hepatic cells, but to the action 
upon the pancreas, which m turn produces this fatty degeneration of the 
liver by a suppression of lipocaic 7 I should like very much to hear Doctor 
Dragstedt express his opinion about this 

A quite dramatic thing is the lecoveiy of a liver that seems to be practi- 
cally all fat I am wondering if those areas of fat are true fat cells — they 
can hardly be — or whether it is just an accumulation of fat within the capsule 
of the cell It would seem remarkable that a portion of a liver apparently 
consisting of nothing but fat, like a lipoma, could regenerate so completely 
under lipocaic, and hepatic cells be built up from what seem masses of fat 
There doubtless must be some element^ of nucleus or something else in the 
capsule of these fat-hke cells that initiates legeneration 

Dr Frederick Reichert (San Fiancisco) I should like to ask Doctor 
Dragstedt if he knows whether this second internal secretion of the pancreas 
IS affected by hypophysectomy As I remember the study of the livers in 
hypophysectomized young animals, they appeared normal, but I do not 
recall the appearance of the liver in adult dogs 

Dr Lester R Dragstedt (closing) Doctors Bollman and Mann have 
recently made some significant studies with respect to the na^re o t e a y 
livers which occur following the administration of alcohol I ley oun a 
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if dogs were placed on a diet deficient ni caiboh3'diate but rich in fat, and 
then given alcohol, an extreme fatty infiltiation in the Iner cle\eloj)s This 
fatty infiltration could be relieved by the administration of carbolndiate and 
also to a certain extent by the administration of lipocaic 

Doctor Horsely’s question presents a very inteiesling suggestion It is 
indeed possible that the fatty infiltration of the liver that follows upon the 
administration of alcohol might well be due to inhibition of the foimation ol 
lipocaic by the pancreas The fat m these cases is in the hepatic i athei than 
the Kuppfer cells The very lai ge amount of fat pi esent gives the cell a signet- 
ring appearance Animals that have survived foi long peiiods of time with 
only moderate degrees of fatty infiltration display a verj maiked cnihosis 
of the liver 

In answei to Doctor Reichert’s question, fatty infiltration in the Inei 
does not regularly develop m the hypophysectomized animal Howe\ei, if 
the hypophysis is removed and then at a subsequent date a total panel ea- 
tectomy is performed, a mild type of diabetes develops, as was dcmonstialed 
by Houssay, and these animals develop a marked fatty infilti ation in the livei , 
similar to that which occurs in the depancieatized dog This type of fait}' 
liver in the Houssay dog is also relieved by the administi ation of lipocaic 



A DISCUSSION OF MULTIPLE NEUROFIBROMATOSIS 
(VON RECKLINGHAUSEN’S DISEASE)* 

REPORT OF TWO CASES HAVING UNUSUAL SURGICAL COMPLICATIONS 

Randolph Jones, Jr , M D 

AND 

Deryl Hart, MD 
Durham, N C 

FROM THE DEPiRTMEKT OF SURGBRl OF TltP DOKE XJNIVEBSITI SCHOOL OP MFDICtNB, DURHAM, N C 

Multiple neuropibromatosis remains a disease of great interest because 
of the probable familial nature of the affection, the complexity of its morph- 
ology? the progressive character of its course, and the numerous complications 
which may develop during its evolution Moreover, although von Reckling- 
hausen’s disease has been the object of study by many investigators, there is 
still some lack of agieement in the inteipretation of certain of its aspects, and 
the cause of the disease remains unknown In this presentation we will make 
a general survey of the disease, with illustrations of its familial character and 
many of its clinical manifestations, taken fiom our own records Two of our 
cases with unusual complications, requiring surgical intervention, are reported 
in detail 

The Familial Chaiactei of von Recklinghausen’s Disease — That multiple 
neurofibromatosis frequently lecurs m successive generations of the same 
family has long been known, but the heieditaiy character of the disease did 
not attract widespread attention until 1910^ In its hereditary occurrence, it 
is analogous to multiple telangiectasis,! to tuberous sclerosis, and to poly- 
adenomata of the rectum ^ Although it is not possible in all cases to demon- 
strate inheritance of the condition, the percentage of patients having a family 
history of the disease varies in different reports from 18 to 74 per cent® 

It IS also of interest to note that similar clinical types of the affection may 
appear in several individuals of the same or successive generations of a given 
family,^ as has been reported in uniovular twins,® in a family with intracranial 
tumors in a high percentage of membeis through three generations,® and in 
other families showing a high incidence of malignancy 

Numerous instances of the transmission of multiple neurofibromatosis 
through three generations are on record A number of our patients have 
given a family history of the disease, and in one we have been able to trace it 
through four generations while the members of the fifth are too young as yet 
to show definite signs of involvement (Chart i) Although there is some 
doubt that the hereditary factor is trans mitted as a mendelian dominant, such 

* Read before the American Surgical Association, Hot Springs, Va , May 1 1, 12, 13, 

t Hemangiomatosis is mentioned also as an hereditary disease affecting the central 
nervous system® 
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seems to have been the case ni a number of families ^^hlch \\eic follu\\e(l foi 
more than two generations, •»- and this Mew is siippoited by the famil> tree 
shown m Chait i That the inheritance is not sex linked, is also borne out 
by this family (Chart i) The failuie of the disease to appeal in a gn cn 
generation has been explained on the assumption that the condition iiia) be 
transmitted in a latent oi unrecognized form, oi that the well phenol} pe ma} 
be the earner of the tendency^ It seems highly piobable that the failuic of 
the piocess to be recognized in those families which have noted a disajipear- 
ance of the disease in the line of mheiitance foi one genciatioii (oi moie) may 




Chart i — Showing, graphicall} , the descendants of Mrs X, who had multiple skin tumors and a 
“lump as large as a bucket hanging from her neck ” 

Mrs X, who IS the onl> known member of the oldest generation, is represented as Ai ihc u 
fected indi\iduals arc shown in solid black circles (females) or triangles (males) The stiiiplcd fi tins 
represent those children who died in infancj, and it is uncertain whether or not thej would haec 'hoi n 
stigmata of son Recklinghausen's disease The members of the joungest, or E, generation are too 
\oung as act to be sure thc\ arc all unaffected 

The lower chart represents the same familj tree omitting those children d>ing carl) in life, 
better to show the mendclian inheritance of the disease 

be due to its existence in the membeis of that apparently unaffected genera- 
tion m a mild form, the so-called foinic ffusfe which is characterized only b\ 
a number of cafe an hit spots 

The Pathologic Aspects of Multiple Neioofibiomatosis — Although the 
association of the multiple encapsulated subcutaneous tumors with the ncr\e 
trunks was recognized m 1849" (33 }ears before \on Rcckhnghau''en*‘' 
description of the condition), there have been numerous dnergent interpreta- 
tions of the niorpholog} of the disease since that date 

* It IS of interest to record here tint a similar condition has been de'-enbed -n '■nin’ Is 
b\ ^ctcnmnans^' 


917 



TONES JR. AND HART 


Arj&L of Si*rgerr 
Xorerab'** 193*^ 


Xeurofibromata. ma}- be found on the branches of the cutaneous nerv’es 
along the trunks of the nerv es of the thorax and extremities and arising from 
the cords and trunks of the brachial and lumbar plexus They ma)’ also arise 
from tlie paravertebral sr-mpathetic chain, the Ansceral s}mpatliebc plexus or 
tlie nene supply of the intestinal tract and enlargement of tlie penartenal 
s3Tnpathetics suggesting such a tumor formation has been recorded Also 
tumors are at times found on the cramal nen es ithm and v ithout tlie cramal 
canU and along the spinal ner\ es before tlie\ emerge from tlie spinal canal 
Grow-ths ansmg from tbe meninges intracerebral astroc}-tomata and epend}-- 
momata and s^Tingomr elitic changes^^ in the spinal cord hate been reported 
111 certain cases of t on Recklinghausen s disease 







-A. 


B 


Fig I — (A) The di^o^erh cellular ar^ngemeat seen in the micro^^pic section o' the tumo"^ 
O' \cn RecVlxnghausen s disease (Fig la) is well ren-e>ented bv the area «hown abo\e. In certain 
tumors the fibroblasnc eleirent predominates *0 such a degree that tne palisading or the nuclei and 
-egalantv of the celU Su-ggesi* tne picture seen in a nemnoma Other rodules from the same patient 
having a p’^edommance of loo^ a^-eola stroma mav show the appearance of the tissue removed from 
«ie pachvdemnatocele (B) 

(B) Sec*ion 01 the je^ly lihe maternal xrom the patient shown m Figures 15 16 and 17 with its 
thin wailed la-ge blood ves«^s and acellular s*-mctu'e contrasts sharplv with the fibroblastic reaction 
in o he" Its ons of the sane disease p"oce:^s The varia ions m or predominance of one of thes-e con 
tms^ing vpes of *is«ue accounts tor the wide di^e"ences in the ph\sical characteristics of the individual 
tumo"S 


At tlie present time among those^® ^\ho ha\e imestigated tbe structure and 
ongin of tlie multiple neurofibromata there is some difference of opimon con- 
cerning the exact interpretation of their observations \'erocav and Z\Iasson^‘“ 
believ e that the tumors are neuroectodermal in origin arising from tbe sheath 
of Schwann and Cushing^” has recenth called attention to earh' experimental 
work showing that neuroertoderm, although peculiar in its origin, should be 
considered a sheet of cells such as the mesoderm which possesses the abilitv 
under cenam circumstances to give rise to a vanetv of tissues None the less 
Penfield belief that the multiple neurofibromata of v on Recklinghausen s 
disease are of mesodermal ongin arising from the epmeunum, perineurium 
and endonerium of the nerv e bundles has gained w ide attention at present 
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The latter author describes a cliaiacteiistic section of one of these neive 
tumors as showing “tangled leticular areas where the nuclei aie not arranged 
in any particular ordei (Fig i A) and where there is an obvious confusion of 
connectne tissue Neive fibers may be demonsti ated in the capsule and pass- 
ing through tlie tumor itself and collagen stains of the reticular areas show a 
crossing and intermixture of fine collagen fibeis In areas of degeneration oi 
softening, much hyaline mateiial may be present, and while the nerve fibeis 
passing through the tuinoi aie usually nonmyelinated, myelinated fibers may 
be present Aieas of permeuial fibioblastic reaction may be so extensive as 
to almost replace the moie leticulated tissue” 

The skin pigmentation, which is seen on all affected individuals, may be 



Fig 2 — (A) A symmetrical, triangular pigmented area having all the characteristics of a large 
cafe an lait snot may be seen covering the lower abdomen inguinal regions, and extending down onto 
the genitalia of a 23 year old student More characteristic, is the elliptical cafe an latt spot visible 
on the right side of the abdominal wall lateral to and just above the umbilicus The small pigmented 
N Also, a number of small subcutaneous tumors may be seen 

(B) On the lower back and thighs are medium sized cafe an latt spots The scoliosis occurring 
so frequently in indmduals affected with von Recklinghausen’s disease ma> be seen in the posterior 
Mew 

represented by a model ate fiecklmg in mild cases, while in others it may be 
diffuse and frequently has a symmetrical distribution (Fig 2) True nevi, 
although not characteristically associated with the disease, are at times seen 
and may reach the size of the so-called “bathing trunk nevi The texture 
of the skin of a cafe an lait spot may be coarser than normal but usually theie 
IS no appreciable gioss change aside from the increased pigmentation 

It is stated that microscopic sections of the cafe an lait spots may show an 
increase in the pigment of the basal layer of the epithelium This has not 
been noted in the group of cases seen by us, but these have shov n an increase 
in the number of melanophores m the deeper layers of the dermis, especially 
about the small blood vessels, a change which may well account for the pig- 
mentation 

The skeletal changes associated with multiple neurofibromatosis ha\e been 
veil described by Brooks and Lehman-^ Scoliosis (Fig 3) and irregularitv 
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m the shafts and differences m the length of the long bones have been the 
abnormalities most fiequently noted Pseudarthroses and abnormal curva- 
tiii es of the bones have also been reported The bone changes have been 
interpreted by Brooks and Lehman as due to the involvement of the bone by 
the growth of tumor tissue characteristic of von Reckinghausen’s disease 
They state that the growth of a neuiofibroma of a periosteal nerve may be 
accompanied by a certain amount of bone destiuction and bone regeneration 
If m the piocess of development the osteogenetic element of the periosteum 
covers the tumor, a thin shell of bone may be formed, giving the appearance of 
a subpei losteal bone cyst If the growth destroys the epiphyseal cartilage, 
shortening may follow, Avhile with the lesion limited to the shaft, lengthening 



ABC 


Fig 3 — Hosp No 38744 D H, female, white age four, had several areas of skin pigmentation 
present at birth, and the spot above the right scapula has grown progressively larger since The curva 
tuie of the spine was first noted by the parents when she was three years of age, and this too had 
increased during the year preceding admission to the hospital On entry into the hospital she showed 
multiple neurofibromatosis with numerous subcutaneous nodules and cafe an latt spots (A and B) 
The scoliosis so frequently encountered in patients having von Recklinghausen’s disease is shown in a 
marked degree (A, B and C) 

may occur Scoliosis may follow abnoimal softening of the vertebrae as a 
lesult of the tumor growth, or it may be secondaiy to growth disturbances 
m the lower extremities 

In general, neuiofibiomata aie benign encapsulated tumors, although at 
tunes their capsules may be poorly defined They do not, as a itile, destroy 
the nerves from which they grow Malignant tumors occur m from 12 to 14 
per cent of patients showing stigmata of von Recklinghausen’s disease These 
are usually fibrosarcomata, but epithelial neoplasms, thought to arise from the 
sheath of Schwann, have been leported-- All giades of malignancy may be 
encounteied in a large series of these lesions, and, although local invasion is 
the usual method of extension, metastases to distant organs, particularly the 
lungs, may occur Rarely, metastases may occur to adjacent Ij'mph nodes 
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(Fig 14) Not mfiequently, more than one malignant tumoi ma}’- aiise at 
different levels along the same nerve tiunk 

The Chmcal Features of Multiple New ofibi oiuatosis — It has well been 
said that multiple neurofibiomatosis is a disease of piotean manifestations,-' 
for the individual variations in the classic clinical pictures alone aie without 
limit Although the stigmata of the piocess, eithei subcutaneous tumors oi 
areas of skin pigmentation, have not infrequently been observed in infants, the 
piesence of the disease has been more often lecognized at pubeity as it is 
more usual at this period for the subcutaneous nodules to make their first ap- 



A B c 

Fig 4 — Two patients illustrating the difference in appearance of fibroma molluscum (A and B) 
and pleNiform neuroma (C) (A) Fibroma Molluscum This pendulous tumor composed of fibrous 

tissue (B) oierlaj the back and dorsal \ertebrae of a colored man, age 25, who was hospitalircd be 
cause of a paraplegia of two weeks’ duration At operation, the spinal cord was found to ht pulled 
completel> apart bj traction 01 er the gibbous There was no evidence that pressure had been made 
on the cord at the point of duision 

(B) A gross section of the fibroma molluscum shown in (A) reveals an unusual amount of pig 
mentation On microscopic examination this tumor was comnosed of uniform fibrous like tissue with 
large collections of melanin scattered throughout the deeper portion of the growth 

(C) The growth present o\er the left hip of another patient is irregular rather than uniform in 
consistencj and on palpation gi\es the impression of being composed of interlacing nodular cords and 
IS more likelj a plexiform neuroma This 39 year old colored woman first noticed a “fleshy lump’’ 
here when she was age 12, and the tumor has increased progressively in size since then There is also 
a hard, tender, painful mass on the medial aspect of the left upper thigh which has grown rapidly 
during the past three months and is clinically a sarcoma 

pearance or to reach such a size that they are noticed by the patient or his 
family 

The usual clinical picture is that of multiple sessile or pedunculated soft or 
elastic tumors (which may number as many as 4,500)^ associated with cafe 
an lait spots (Fig 3), both the tumors and pigmented areas showing infinite 
^a^atlons as to size, number, consistency and location In addition to the 
charactenstic well-defined, more or less globular subcutaneous nodules over 
B Inch at times the skin may be atrophic, one may encounter the soft pendulous 
masses of fibroma molluscum (Fig 4 A and B), or the worm-like plexiform 

921 



Annals of Surgery 
No\ ember 19 30 


^ JONES, JR , AND HART 

neuromata (Fig 4 C), which have acquired special designation as clinical and 
pathologic variants of the lesions usually seen in von Recklinghausen’s disease 
Elephantiasis neuiomatosaj an enlargement of an extremity resembling that 
seen m elephantiasis (Fig 5), is an infrequent variant of the classic clinical 
pictuie, and is associated with tumoi formation or diffuse enlargement of many 
of the neives of the limb, at times even the sympathetics being involved^* 
The cafe an laif spots, vaiying m size from freckles to pigmented areas 
10 cm or more in diameter, are found in all cases, and although they are 
usually ellipsoid m shape they may be irregular m outline They are often 
symmetrically distributed over the tiunk and extremities (Fig 3) Nevus 
anemicus has been described-'* m association with the disease, and while nevi 



A B 


Fig 5 — Elephantiasis Tvervorum (Lewis, Dean and Hart, Deryl Tumors of 
Peripheral Nerves A^NAI-s of Surcerv, 92 961-983, 1930) 

The left lower extremitj is enlarged Multiple nodules can be palpated along the 
nerrcs, especiallj o\er the short saphenous A biopsy was performed and the nertes 
were found to be irregularly enlarged throughout their entire eaposed length, varying 
in size from one to se\eral millimeters in diameter 

and angiomata are not mfi equently pi esent these do not bear the same intimate 
relationship to the multiple neurofibromata as do tbe cafe an lait spots, and 
sbould not be confused with the latter 

Sharpe and Young'**' have emphasized lecently, that one of the most out- 
standing features of von Recklinghausen’s disease is its progressive course As 
the individual matures the tumors increase in number and size, and the skin 
pigmentation becomes more widely distributed This course of events was 
brought foicibly to oui attention by one of our patients who stated that as a 
boy he had few tumors, but, that with the advancing years, not only did the 
original tumors enlaige, but new ones appeared so that his trunk became 
studded mth them (Fig 6) One of his sons, as a child, had only a few cafe 
an laif spots, noticed the appearance of subcutaneous tumors at puberty, and, 
as he has gron n older, both types of lesions have increased in size and number 
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Unrelated oi inteicunent pathologic disturbances and even noimal physio- 
logic changes may exert a definite influence on the evolution of the disease 
process It is well known that pubeity has a stimulating effect on the develop- 
ment of the lesions and pregnancy as a rule is attended by an increase m the 
size and number of tumors and cafe an laif spots We have obseived an in- 
crease in the intensity of the skin pigmentation of one of oui patients during 
pregnancy Recession of both types of lesions following dehveiy, and exacer- 
bations duiing subsequent piegnancies have been lepoited Inteicuirent 



A B c 

I'lG 6 — (A) E P , who IS at [iresent 62 jcnrs of age is represented hj the tinngle C 8 in Figure 
I As a joung man he had few subcutaneous tumors, but these became latger and mail} others ap 
peared as he grew older 

(B) R is P , Ins oldest Ining son (D to Fig i), as a child, had a few cafe an latt spots, but 
detcloiicd subcutaneous tumors at puberta, and as he has grown older both t}pes of lesions )n\c in 
creased in sire and number A tumor remoaed from the abdominal wall showed the microscopic ap 
pcarance of a neurofibroma of ton Recklinghausen s disease 

(C) J R P , another son of E P (D 13 Fig i), has no demonstrable neurofibromata or cafe 
ail latt spots 


infections ma} also cause an increase m the symptoms and signs of the condi- 
tion and these may lecede following recorerj 

A high incidence of feeblemindedness has been recorded in those showing 
marked im oh einenf^ and we ha^e noted a certain lack of mental acuity in the 
more maikedly aflected members of the famil} reported by us (Chart i) 
The lack of fertiht} in some families showing extensne neurofibromatosis has 
been asciibed to sexual impotence and the dving out of other strains has re- 
sulted from a high infant mortalit) (Chart i) Obvious endocrine dvsfunction 
has been obsei \ ed m man} instances The pigmentation m certain patients 
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has been explained by disordered adrenal function, and acromegalic features 
m others have been related to pituitary dysfunction However, there is little 
evidence pointing toward a constant disturbance of function of any of the 
endocrine glands as the underlying cause of multiple neurofibromatosis and 
mamfestions of such dysfunction m a particular individual may be attributed 
to pressure effects of neurofibromata on the gland in question, or to some 
coexistent developmental disturbance 



Fig 7 — Lipomata in the subcutaneous tissue overlyingf the scapulae of a mother 
and two sons These are the onlj hpomata present in these patients Two of the 
patients show sebaceous c>sts which might increase the possibility of confusing this 
condition with neurofibromatosis 

Although the clinical and pathologic variations discussed above go far 
toward making multiple neurofibromatosis a disease of protean manifestations, 
none the less, it is frequently the complexity of the symptoms and signs re- 
sulting from one of the complications of the malady which presents a major 
problem in clinical interpretation Both the bizarre forms of the disease and 
the complications present problems m differential diagnosis 

Dtffa eiitial Dtagnosts — It has been necessary, in our experience, to dif- 
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ferentiate multiple lipomata (Figs 7 and 8), multiple xanthomata, multiple 
epidermoid cysts (to be published), lymphosarcoma and Hodgkins’ disease 
from multiple neui ofibromata Leprosy, especially in subtropical countiies, 
must also be considered m patients with numerous subcutaneous tumors Al- 
though the absence of cafe an lait spots is usually sufficient to eliminate von 
Recklinghausen’s disease as a probability in a patient showing symptoms and 
signs suggestive of one of the diseases noted above, the clinical differentiation 
IS made difficult 111 many individuals by the presence of a certain amount of 
normal heckling Scoliosis associated with multiple subcutaneous nodules is 
also of value as a diagnostic sign, although scoliosis due to other causes is 



A B c 


Fig S — The colored man, age 36, sho^\n above (A and B), first noticed a small mass on Ins right 
buttock as a child and the tumor had grown progressucly larger until the time of his cntrj into the 
hospital Although he had been able to walk about the greater part of his life he had been complctclj 
bedridden during the two sears prior to admission The growth was thought to be a fibrolipoma until 
the skin pigmentation and niultinle subcutaneous nodules on the extremities and trunk were discos ered 
Microscopic examination of one of the small tumors, sshicli ssas remosed, shossed the characteristic 
appearance of a neurofibroma of son Recklinghausen’s disease Microscopic sections of tissue taken 
from the large gross th shossed sers comnact fibrous tissue but nothing suggestis'e of a malignant tumor 
However, this would not rule out a malignant change in other parts of the growth 

The patient’s familj historj could not be followed for more than two generations His mother, 
shown above (C), had multiple neurofibromatosis 


common and its presence together with subcutaneous tumors cannot be relied 
upon as an absolute criterion for the diagnosis of multiple neurofibromatosis 
In the usual case, the character and distribution of the subcutaneous tumors 
and cafe an latt spots make the clinical diagnosis an easy one When there is 
any doubt as to the diagnosis, pathologic study of the lesion m question is 
indicated, especially should the clinical features of one or several of the tumors 
raise the question of malignanc} 

The SufQical Pioblcms Picsented by Afultiple Kcwofihomatosis — The 
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patients who develop suigical complications as a lesult of von Recklinghaus- 
en’s disease may be classified m three mam gioups The largest group con- 
sists of individuals having neurofibi omata in such a location that pressure 
from the tumoi growth affects the function of one oi more important organs 
or stiuctuies In the second gioup are the patients who develop a malignant 
gi owth 111 the com se of the disease , and the thii d is made up of those patients 


1 
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Tig 9 — This 26 %eai old Monian was admitted to the Tumoi 
Clinic of the Duke Hospital complaining of a painful tender tumor 
in the left hi east abo\e the nipple She had noticed the presence of 
painless subcutaneous tumors since earlj childhood, all of a\hich in 
Cl eased sloivlv in size as she giew older The growth of which she 
complained had been piesent foi fi\e years but had been painless until 
three months befoie her \isit to the hospital when it became tender 
and caused a drawing pain in the adjacent area Following excision 
of the pigmented, conical mass, which on removal was found to be 
somewhat nodular she has been entirely free of pain for over a year 
Microscopic studv of the tissue showed a neurofibroma such as is 
encountered in von Recklinghausen’s disease with nothing to suggest 
a malignant growth Note also the scoliosis 

haMiig a hemoirhage into a laige pach3'^dei matocele, which is occasionally 
seen m neurofibromatosis 

The pain caused b} the giowth of a tumor on a peripheial nerve has 
preMOUsl}’ been lepoited,-" and a case recently seen by us illustrates this 
piessuie effect (Fig 9) The bizarre s^rmptoms and signs resulting from 
intracranial tumors associated Mith generalized neuiofibiomatosis, have been 
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commented upon by Cushing^” and otlieis Cianial neive palsies and 
clinical signs of piessme of the tumois on the brain stem are not uncommon 
Tumois arising from the neive loots within the spinal canal aie occasionally 
seen and may lesult in signs of coid compression (Fig lo) Paitial obstiuc- 
tion of the pharynx from iieui ofibi omata macroglossia from similai lesions 
111 the tongue^'-* and tumors in the neck arising fiom the ceivical neives and 
brachial plexus may occui (Fig i 6 ) We have studied one patient, an in- 
dividual with numeious masses m the neck and an incomplete tiacheal ob- 
struction pioduced by mediastinal neui ofibi omata, whom we wish to lepoit in 
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Fig !o — (A) This pitient, a white bo>, i6 \ears of nge, \ns admitted to the Neurosurgical 
Ser\ice of the lliike Hospital for tieatment of a paraplegia of si\ > ears’ duration Since birth, he had 
had a boggj, subcutaneous tumor o\ei the right scapula and, during the past jcar, other subcutaneous 
tumors and cafe au latt snots had appeared The parahsis developed graduallj over a period of 
several months” and the loss of motor function was followed short! j bj anesthesia over his lower 
extremities and trunk up to the level of the nipples A laniincctomi revealed an intraspmal ticuro 
fibroma (B) onginat'iig from the eighth cervical nerve root extending from the sixth cervical to the 
second thoracic vertebrae completelj filling the spinal canal extending out into the foramina and, tin 
doulitcdlv, connected to the tumor in the chest (C) which had reduced the cord to a thin filament On 
HI adjacent nerve root there were two small neurofibromata which were also removed with the jitrve 
root 

(C) Roentgenograms of the chest taken before operation showed a tumor m the upper left chest 
and lower neck, and a diagnosis of an hourglass tumor was made The iiitrathoracic tumor has not 
been removed since it is producing no s>mptonis and it seems unlike!} that there will he aii} return 
of function in the cord 

detail, since she lUustiates so nncII one of the surgical problems lesultmg from 
pressure symptoms 

Case Report — Hist No A-6790 V E R (Fig 11), white, female, age 19, was 
referred for treatment because of a mass in the upper mediastinum which was partial I j 
compressing the trachea and the upper lobe of the right lung There was no historj of 
skin pigmentation or of subcutaneous tumors occurring in other members of the famih 
age 9. she had an attack of Rockj Mountain spotted fe\er and following this a small 
mass was noted in the subcutaneous tissue o\er the left shoulder Four vears before 
admission, at age 15, she de\ eloped intermittent attacks of dull aching pain m the region 
of the right shoulder, right cla\ icle and right side of the chest, w Inch had persisted Tiie 
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episodes of pain came on at intervals of several months and were of three to four days’ 
duration For three weeks before she entered the hospital, she had experienced some 
difficulty m breathing Nodular masses were noted on both sides of her neck two weeks 
before entry and had increased giadually in size 

Physical Exaviinahon revealed several cafe an latf spots on her trunk and numerous 
small, soft and elastic tumors m the subcutaneous tissues over her back and extremities 
On the right side of the neck, anterior to and beneath the sternocleidomastoid muscle, 
were several firm, slightly tender masses which resembled a chain of enlarged cervical 



Fig II — This white girl, age 19 , Mas referred to the Duke ^ 

Hospital for treatment of a growth in the upper mediastinum 
partially compressing the trachea and the upper lobe of the right 
lung and causing pain in the right chest and shoulder When 
first seen in another hospital, the clinical impression was either 
Hodgkin s disease or Ij mphosarcoma since she had numerous 
masses in the neck and both axillae, resembling enlarged lymph 
nodes A biopsy of one of the tumors showed the characteristic 
picture of a neurofibroma of von Recklinghausen s disease and 
further examination reiealed numerous subcutaneous tumors and 
cafe an lait spots The scar from the thoracotomy can be seen 
located mediall> and inferiorly to the scapula The moderate 
scoliosis IS not seen clearly in (B) 

lymph nodes Several tumors in the axillae felt much like enlarged lymph nodes but 
two removed for study before admission had proved to be neurofibromata There was a 
scoliosis of the dorsal spine with the convexity^ to the left 

The laboratory studies of the blood and urine revealed normal findings and the bloo 
Wassermann was negative A roentgenogram of the chest (Fig 12 A) showed a 
rounded mass present m the upper mediastinum which extended outward to compress t ^ 
upper lobe of the right lung , 
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Our impression was in agreement with the previously made diagnosis of \on Reck- 
linghausen’s disease with intrathoracic and probably mediastinal neurofibromata In 
view of the patient’s respiratory sjmptoms it was thought adiisable to attempt removal 
of the intrathoracic tumors 

Operation —August 30, 1938, Dr Deryl Hart Under nitrous oxide and oxjgen 
anesthesia, a posterior thoracotomy was performed on the right side The incision ex- 
posed, in the subcutaneous tissue and muscle, a large number of small, elongated neuro- 
fibromata Three firm tumors (Fig 12 C) located in the costovertebral sulcus, one of 
which extended into the mediastinum partially compressing the trachea, were exposed 
and removed, relieving the patient of all respirator) difficulty Pathologic examination 
of the tumors showed them to be neurofibromata, similar in appearance to those en- 
countered in von Recklinghausen’s disease (Fig i A) A roentgenogram of the chest 
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Fig j 2 — Roentgenogram'! of the chest of the i 9 jear old girl shown in Figvrc ii taken before 
(A) and after (B), a posterior thoracotomy with removal of the intrathoracic neurofibromata The 
rounded mass in the upoer chest, extending into the mediastinum and partiallj compressing the trachea 
and the upper lobe of the right lung, seen in (A), was found at operation to be composed of three 
tumors (C) (for microscopic appearance see Figure lA) which apparentlj arose from the paraverte 
bral sjmpathetic chain, although the possibilitj of their origin from the intercostal nerves at the verte 
bral foramina (hourglass tumors of Heuer and others) could not be completel> excluded Following 
their removal the upper lobe of the right lung reexpanded (B) and all pain and s}mpfoms of tracheal 
obstruction disanpeared Since operation the right hand has remained persistently warmer than the 
left, probably as a result of damage to the sympathetic nerve supply 

subsequent to operation showed re-expansion of the right upper lobe and some general 
fibrosis of the right lung (Fig 12 B) 

It seems most likely that these tumois originated from the thoracic sym- 
pathetic trunk since they weie most firmly attached in this region and the 
light hand and arm have been wanner than the left since operation They 
may have originated from the thoracic nerves at their point of emergence from 
the spinal canal but there was no evidence of any intraspmal extension as in 
the hour-glass type of tumor described by Heuer, Andrus and Taylor H\- 
pesthesia has been present over the right chest since operation but this is 
limited to tlie area inneivated by the nerves that were divided m making the 
thoracotomy incision 

The case leported abo\e also showed the dorsal scoliosis (Fig 10) so fre- 
quently encountered m this disease, in this instance probably the result of the 
intiathoracic tumors The change in the spinal column may be marked and, 
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instead of scoliosis, a gibbous may develop and may be followed eventually by 
a paraplegia This course of events, previously lepoited,^’^ was seen in a 
panent recently studied m the Duke Hospital, in whom a laminectomy dis- 
ritsec the spinal cord to be completely torn acioss by traction over the kyphos 

-Limors of the abdominal visceia have been noted fiequently but apparently 
trey rarely give i ise to pi essui e symptoms An exception to this was the case 
r: a patient^- with an abdominal neuiofibroma, causing inaiked abdominal 
z-stension and dyspnea, which was thought to have arisen from the sympathetic 
nerves of the ovary Tumors of the retroperitoneal nerves are more common 



Pin !■) — lliii colot c(l linn, ^>rc 25, ms found it opcrition to hive tlie spina] cord complete y 
divided l)> linctinii over tlic exticniely pronounced kyphos (See Tig 4 A and B, same patient) -Wc 
Miilddil) (It \t loped i panplcgn two weeks before admission to the hospital In addition to the pen 
(UiloiPi (iliioiiiii inolluscum below the gibbous, he also shoued numerous neiiiofibromata in the suD- 
( lltlilK Dim tlnsiiLS of the trunk and extremities 


find hnvt' been icpoitcd as a cause of dystocia during pregnancy,”®*^ while 
lieiliolibiomatosis of the pi estate and bladder may be a cause of seiious uie- 
llll’td iind uieleiid ohsliuction which may lesult in uremia®® 

loiipe lu’iiign neuioribiomata may cause some discomfoit from their size 
I liiwevci, II uipidly gi owing luinoi should make one suspicious of malignancy 
'I 111- incidi'iu’f* of snicoinalous dcgcnciation m von Recklinghausen’s disease 
lltis lii'uil Innnd In viny finin 12 lo 13 pci cent ®'''- ^ Stewart and Copeland,®^ 
I ('polling 21 eiifii'S of neuiogcmc sat coma developing m patients with multiple 
IH'lil’olibl funiilosis, found I wo jicaks in the cuive of age incidence — one between 
(Ih> figes III one mul U'li ye.us and llic olbci between 30 and 50 years Me- 
|ii‘i|(is(fi liiivc been noted in 22 pet cent of such cases Once malignancy 
(leveiop‘1, I lie juognnsis is pooi, and of the gioup of patients reported by 
Slewail and Copeland'*''’ none was well at the end of five years Local re- 
cun eiiee, wbub usually follows excision of one or more malignant tumors 
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arising fiom the same nerve sheath, often necessitates secondai) opeiations. 
The majority of the patients finally die as a result of local lecurrcnces or 
metastases Metastasis to regional lymph nodes, an mfieqiicnt occuircnce, is 

illustrated by one of oui lecent cases (Fig 

14) Radical surgical excision or amputa- III 
tion has been the usual treatment of these 
saicomata and lemains the accepted pio- 

cedure Stewart and Copeland^^ state ^ 

that certain tumors of long duiation have - i 

recurred after operation and the patient ■ ^ 

has been made woise by excision They H 
also suggest that a policy of noniiiterven- W 

tion may be the tieatment of choice foi f ^ ' 

slow-gi owing malignant tumors of this I 
type Irradiation therapy of these sarco- 

mata has not been standaidized and while | 

it may be beneficial in some cases no con- 

elusions can be diawn as to its effective- I , 

ness in geneial * 

The second case ne wish to report m ^ 

detail, piesents an excellent example of < 

the third type of suigical complication seen J 

in von Recklinghausen’s disease This “ 

. , Tic 14 — Metnstnses in the inguiml 

patient eventually died of asphyxia caused l>mph nodes, 15 months after amputation for 

, ,, -I 1 11 , ® spindle cell sarcoma arising in the upper 

by a rapidly growing and clinically mallg- end of the right tibn m a patient with \on 
, , , , , Recklinghausen’s disease This patient, a 

nant tumor in the neck, but entered the niute man, age 3s. had multiple ncurofi 

, , bromata nith characteristic cafi aii tail spots 

hospital on account of symptoms resulting Sections of the growth m the tibia showed a 

f , cellular structure similar to other sarcomata 

IlOni a spontaneous hemorrhage into a deaelopmg m our group of patients with %on 
1 , , 111 Recklinghausen’s disease A roentgenogram of 

pachydermatocele over the lumbar region the chest, taken before amputation, showed, 

on the left, a tumor, projecting above iTic 

-o TT i. TvT -00 ar T- c diaphragm, near the heart, and thought to be 

Case Report Hist No 69/88 M E S a neurofibroma and not a metastasis Since 

(Figs IS, 16 and 17 ), white, female, mar- aniputation, this has increased somewhat in 
, - - . -r-v * locTtcd wjtnm the lung:, and is 

ncQj age 23, was admitted to the Duke Hos- not considered to be 1 metTstasis 

pital, Julv 12, 1936, complaining of a swelling 

o^e^ the lower back of nine days’ duration Her mother and one sister liad skin tumors 

01 er the trunk and extremities similar in character to those present on the patient \s 

a child she had a club foot on the right side which had been partial!} corrected bj 
operations when she was 17 and 19 jears of age Not until she was 13 \ears of age were 
the subcutaneous nodules noted 01 er the trunk, and at the age of 17, a mass in the left 
side of the low'er neck first appeared (Fig 16) This increased eerj gradualh in size 
until the jear before admission, w'hen its growth became accelerated 

The illness for which she sought hospital care dei eloped nine da\s before cnfr\, when 
a ‘lump of muscle,” wdnch she had “ahvajs had” o\er the lumbar region, enlarged rapidi\ 
during a period of 48 hours At this time, she became \cr} weak and fainted vhen 'lie 
attempted to get out of bed There was no historj of anj injurj, and aside from the 
aching discomfort in the region of the tumor she was free from pain Tiie lamih plnsi- 
cian aspirated blood from the swelling and regarded the condition as a culiculaneojs 
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hemorrhage Cold packs were applied to this area which became somewhat softer, but 
since it did not decrease in size she was eventually sent to the hospital, nine days after 
the onset of her acute symptoms 



Fig 15 — Same patient as shown in Figures i6 and 17 This patient, 
white, female age 23, was admitted to the Duke Hospital nine days after a 
spontaneous hemorrhage into the pachydermatocele over the lumbar region 
From a small inconspicuous “lump of muscle” the tumor grew to the size 
of a ‘ football” within a few hours The subcutaneous nodules and cafe au 
lait spots o\er the trunk and extremities ln\e been present since adolescence 
On the side of the ankle can be seen the scar resulting fiom operations for 
a congenital club foot 



Fig 16 — Same patient as shown in Figures 15 and 17 The rapidly 
growing tumor present on the left side of this patients neck was clinicalh 
malignant and eientually caused her death from asphyxia At the time of 
operation for a hemorrhage into the pachydermatocele respiratory embarrass 
ment due to this growth necessitated intratracheal anesthesia She would 
allow no treatment for this mass and it caused her death by asphyxia five 
months later 

Physical Examination showed a pale, well nourished patient, with normal tempera- 
ture, pulse and respiration The skin was studded w’lth multiple, soft, elastic tumors, 
characteristic of those seen in \on Recklinghausen’s disease, and there were numerous 

932 


volume 110 MULTIPLE NEUROFIBROMATOSIS 

2\unil)cr 5 

cafe an laif spots scattered over the trunk A certain amount of mental retardation was 
obvious On the left side of the neck, beneath the carotid, and extending down belimd 
the clavicle and sternum, displacing the trachea to the right, was a firm, fixed tumor, 
approximately I2 cm in diameter (Fig i6) Examination of the heart, lungs and ab- 
domen w'as essentially negative Overlying the lower lumbar region was a mass about 
the size of a football, over wdiich the skm was tense, shiny, and discolored b\ the under- 
lying hematoma The sw'elhng w^as W'arni, pseudofluctuant and nontender (Fig 17) 
The right leg w^as larger than the left and the right foot, in addition to being fixed m 
dorsiflexion at the ankle, show'ed, on the anterolateral aspect, scars of the pre\ious 
operations 



Fig 17 — Same patient as shown m Figures 15 and 16 The blue dis 
coloration of the skin o\erl>ing the hemorrhage in the pachj derniatocelc 
resulted in the diagnosis of subcutaneous hemorrhage b\ the patient’s faniih 
ph>sicnn At operation more than a liter of partial!) clotted blood was 
cxacuated from the hematoma in the gelatinous tumor tissue, and the greater 
portion of the tumor was excised (sec Figure i B for microscopic appearance) 

The patient made a satisfactor) conaalcscence and she had no further bleed 
ing during the remaining fi\e months of her life (Fig 16) 

Studies of the blood re\ealcd Hb 442 per cent, RBC, 3,700,000, WBC 9,400 The 
urine and blood Wassermann examinations were negatue The blood cholesterol was 
183 mg per cent Roentgenograms of the lumbar spine show^ed an enormous soft tissue 
tumor in this region and an erosion of the spinous processes of the upper three lumbar 
% ertebrae 

A diagnosis of hemorrhage into a pacha^dermatocelc over the lumbar region was 
made and after transfusions (totaling 1,500 cc ), which resulted m raising her hemo- 
globin to 81 per cent, the hematoma was ciacuatcd under nitrous oxide and oxjgcn 
anesthesia Since respiration was considerabh embarrassed b\ the ccrxical tumor it was 
ncccssarj to use intratracheal anesthesia The liquefied blood and blood clot were rcmoicd 
from the surrounding gelatinous tissue which represented the preexisting tumor There 
was a little oozing from smaller rcssels in the walls of the resulting caritj after cracua- 
tion of the hematoma but no large bleeding point could be seen The gelatinous tumor 
tissue was rcinortd as wideh as possible, exposing the lumbar fascia in the dciith of the 
wound \ftcr closure of the skm a pressure dressing was applied to obliterate the dead 
space Six weeks hater there was oiih a small swelling in the lumbar region occup\ing 
the site of the former pacln derniatocelc 

She reiuscd treatment for the rapidh growing ccrxical tumor and her famih phjsician 
wrote, fne months later, that she had died rather suddenh of asplnxia as a result of this 
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growth which had continued to increase in size after her return home There was no 
recurrence of hemorrhage into the tumor over her lumbar region 

We have been able to collect from the literature seven other cases of 
hemorrhage into large tumors observed in patients having multiple neuro- 
fibromata, which are briefly summarized below 

ABBREVIATED CASE REPORTS OP SEVEN INSTANCES OF HEMORRHAGE 

INTO NEUROFIBROMATA 

{From the Literature) 

Case I — Reported by Heuer ,19 1917 

A 24 year old machinist was first operated upon in 1906 for hemorrhage into a large nevus over the 
lumbar region, following slight trauma Spontaneous hemorrhages into the pachydermatocele neces 
sitated reoperation in 1907, 1911 and 1912 A spina bifida occulta and meningocele were present 
beneath the tumor 

Case 2 — Reported by Carrington and Bullitt ,36 1926 

A 22 year old Negro laborer developed a hemorrhage into a tumor in the right flank The tumor, 
originally as large as an orange, became, in the course of two hours, larger than the patient’s head 
Evacuation of the hematoma, six days later, was followed by healing 

Cases 3, 4, and s — Reported by Heuer and BelF^ 1931 

Case 3 — A 40 year old white man, as the result of a fall, developed a hematoma in a pachyderms 
tocele on the left buttock Spontaneous evacuation of the blood clot occurred, but the wound became 
infected and did not heal completely When the acute infection subsided the tumor was excised but the 
patient died about three years later from a malignant growth arising from the right sciatic nerve 

Case 4 — A 32 year old white man had a spontaneous hemorrhage into a tumor in the interscapular 
region The patient had multiple subcutaneous tumors and scattered areas of skin pigmentation After 
he felt something “break loose” within the tumor, he went into shock and died within 12 hours, appar 
ently as the result of bleeding into the pachydermatocele 

Case 5 — A 33 year old colored man complained of swelling of the side of his head of four days’ 
duration A mass as large as a grapefruit developed over the left temporal region Evacuation of a 
hematoma in a gelatinous tumor beneath the temporal muscle was followed by satisfactory healing 

Case 6 — Reported by Gordon,^® 1932 

A 44 year old white man had, at the ages of 24 and 32, developed hematomata in a neurofibroma 
on the right cheek Three weeks before he was seen, he again struck his right cheek and a massive 
swelling occurred The patient expired during operative removal of the hematoma and the greater 
portion of the tumor Autopsy showed a number of tumors in the dura mater, in the substance of the 
right cheek, in the anterior wall of the stomach, and along the abdominal sympathetic nerve trunks 

Case 7 — Reported by Brunner,^*^ 1936 

A 32 y ear old hotel employee had a spontaneous hemorrhage into a large tumor on the right but 
tock After evacuation of the hematoma, rapid growth occurred in the tumor (malignant change^) 

SUMMARY AND CONCLUSIONS 

The manifold aspects of multiple neurofibromatosis have been reviewed m 
brief, with illustrations from our experience, and two of our cases with unusual 
surgical complications have been reported in detail In controlling this disease 
we are impressed with the need of recognizing that the condition frequently is 
hereditary, that individuals showing the slightest evidence of involvement 
should be informed of the familial nature of the malady, and that they should 
also be advised against having children There is a definite need to recognize 
and to study the mild type of the disease More detailed studies of families 
so affected may help to determine the mode of its transmission 

The surgical complications in neurofibromatosis should be recognized early 
and appropriate treatment instituted 

These complications fall readily into three groups The first is illustrated 
b} those patients with complaints resulting from pressure of neurofibromata 
upon important structures Whenever possible, tliese benign growths should 
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be removed The second consists of those individuals who develop a malignant 
lesion at one or more points along a neive trunk Although there is no satis- 
factory treatment of these malignant growths, radical extiipation of the tumor 
(or amputation) followed by supplementary roentgenotherapy is the pioceduie 
usually advised Into the thud gioup fall those cases of iieui ofibi omatosis 
with hemorrhage into a pachydeimatocele The treatment of choice is to 
administer adequate tiansfusions, evacuate the hematoma and remove the 
gelatinous tumoi into which the bleeding has occurred 
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Discussion — Dr George J Heuer (New York, NY) Doctor Hait 
ni his interesting discussion of von Recklinghausen’s disease has grouped the 
surgical complications of this condition as those arising fiom hemorrhage into 
the large, so-called pach3^dermatoceles, from tumors, usually neui ofibromata, 
implicating or compressing important structures in the various cavities of the 
body and of the extremities and from malignant degeneration of ceitain of 
the tumors occuinng in this disease With regard to the first named com- 
plication, we were the first, I believe, to describe an instance of recurimg, 
serious hemorihage into the large tumors of von Recklinghausen’s disease, 
and since this original obseivation, have seen three additional examples The 
seriousness of this complication is illustrated by our experience, foi of the 
four cases, one died from hemorrhage into the tumor and one had such serious 
hemorrhages that blood transfusions alone saved his life The nerve tumors 
of the neurofibroma gioup may, of course, occur along the course of intra- 
cianial, spinal or peripheral nerves, and not infrequently they give rise to 
symptoms which require surgical removal of the tumors for their relief Both 
these tuniois and the skin tumors seen m von Recklinghausen’s disease may 
undeigo malignant change, although this complication is rare in my expeiience 
Such malignant tuniois present the same indications for treatment as other 
tumoi s 

A serious complication in this disease, to which Doctor Hart has not re- 
feired, is infection in the large tumors (pachydermatoceles) of von Reckling- 
hausen’s disease If one is familiar with the curious myxomatous tissue mak- 
ing up these tumoi s, he can visualize the rapidity of spread of an infection and 
the difficulties, suigically. of coping with it We ha\e observed one case The 
patient developed a small ulcerated area of the skin o\er a pachydermatocele, 
presumably the portal of entrance of the infection The infection spread 
throughout the large tumor with gieat rapidity Its size increased greatl}, 
the skin o\er it became red and hot, the entire tumor was tender For 35 
da>s, the patient’s temperature was ele\ated, rising at times to 106° F , his 
pulse rose to 144, his leukocytes varied between 25,000 and 40,000 He was, 
throughout the period, Ncry ill At no time did the infection proceed to 
abscess formation , and fortunateh , after a serious siege of illness, the patient 
reco\ ered 

As another, perhaps unique. obscr\ation in this disease, I should like to 
rccoul the occunence of a large imxomatous tumor within the thorax in all 
respects similar to the large external pach} dcrmatoccles The patient, a 
woman, age 41, entered the New York Hospital complaining of pain in the 
chest and shortness of breath She presented the three major characteristics 
01 eon Recklinghausen s disease, pigmentation of the skin, skin tumors of tlic 
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fibroma molluscum type and subcutaneous tumors of the extiemities believed 
to be neuiofibromata Roentgenograms of the chest showed an enormous 
shadow which completely occupied the right hemithorax except for a small 
area at the apex The heart and mediastinum were dislocated to the left A 
diagnosis of mtrathoracic lipoma was made and operation performed March 
i6, 1939 On exposuie, the huge tumor appeared to he encapsulated hut the 
supposed capsule proved to he the visceial pleura The pleura was split and 
the tumoi within it completely removed It weighed pounds and meas- 
uied 34x29x10 cm in its vaiious diameters It was composed of gelatinous, 
myxomatous tissue resembling that seen in the external pachydermatoceles of 
von Recklinghausen’s disease Dr N C Foot describes the microscopic ap- 
pearance of the tumoi as follows “A Cajal impregnation of this enormous 
tumor IS extremely interesting as it brings out the morphology of the myxo- 
hlasts 111 the most unusual fashion Micioscopic fields which show only 
small nuclei in the ordinary H and E and Masson stains, show in these im- 
piegnated sections a profusion of stellate and spider-like myxoblasts which 
anastomose with one another and have a staithng resemblance to the spider- 
cells seen in the central nervous tissue There are, however, no nerve fiheis 
01 anything to indicate tiue nervous oiigin of this tumor Many of these 
cells send anastomosing processes around the capillaries in exactly the same 
mannei as those seen m the astrocytes of the hi am The results with the Cajal 
impregnation indicate that this tumor is moie m the nature of a rather un- 
differentiated myxoma than a myxosarcoma ” This patient has made a satis- 
factory recovery 

Dr Kellogg Speed (Chicago) As outlined by Doctor Hart, this disease 
is very easily overlooked by physicians, hut I may add, more easily recognized 
by dermatologists The patients usually seek surgery on account of the size 
or position of one of the tumor masses which may involve a large nerve trunk 
by invasion pressure oi piesent cosmetic complications In the dififerential 
diagnosis, I have met stumbling blocs in an effort to distinguish between 
fibroma or fihromyxoma of the extiemities, supernumeraiy nipples, periosteal 
fibrosarcoma, cystic osteitis and retropei itoneal tumors with myxomatous 
characteristics 

At the Pieshyterian Hospital, Chicago, and from my own records, I may 
report 14 instances of von Recklinghausen’s disease, five with definite familial 
history, three with sarcomatous degeneration of one area, three involving hone 
changes, one mistaken for peiiosteal fibrosaicoma and one cystic in type, le- 
currmg slowly after two attempts at lemoval locally Autopsy was performed 
upon two patients, with findings of melastases (after sarcomatous degenera- 
tion) in lungs and vertebrae In two of my own fatal cases, the disease, hav- 
ing become malignant in the thigh, invaded the peritoneal cavity and spread 
AMa the periaoitic lymph channels, proving that the peritoneal, as well as the 
thoracic or cranial cavity may become involved Errors in diagnosis seem to 
follow incomplete examination of the patient’s fully hared body I am also 
convinced that many of the unclassified reti operitoneal tumors, malignant and 
possibly myxomatous in consistency, take origin from unrecognized neuro- 
fibromatosis 

Dr Max M Peet (Ann Arbor, Mich ) I Avish to add one note of the 
very interesting intracranial complications which may occur with A'on Reck- 
linghausen’s disease We all know of the rather frequent occurrence of neuro- 
fibromata on the eighth nerve, and also the association with meningiomata 
Other types of tumors of the central nervous system may also be associated 
AMtli \on Recklinghausen’s disease We had one patient who, m addition to 
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generalized peiipheral neui ofibromata. had acoustic tumors, and a very laige 
meningioma m the occipital region with evidences also of menmgiomata of the 
spinal cord This patient died from pneumonia, and at autopsy, 17 menin- 
giomata weie found along the course of the spinal cord and iiumeious intia- 
cerehial and spinal gliomata Dr Percival Bailey, in studying the sections, 
found every known type of tumor involving either the cential nenous system 
or the peiipheral nerACS that he had ever seen The patient had every Upe of 
glioma In fact, inside of certain laige gliomata, in this hram weie other 
gliomata of an entirely different chaiactei In othei words, this man had 
every type of tumor that could occur peiipheially 01 centially m the nervous 
system We have seen two similai cases since 

Dr Edwin R Schmidt (Madison, Wis ) I amsIi to add six othei cases, 
that are being leported elsewheie In this subject, I should like to call atten- 
tion to a thing which the speakers have brought out , namely, the importance of 
recognizing the cafe an lad spots in early cases, because the large number of 
cases that aie being repoited are usually late, when pressuie sjmptoms have 
manifested themselves and suigei)^ is difficult 

These six cases have all staited in the optic neive, and there has been 
gieat difficulty 111 making an early diagnosis If the diagnosis is made earhei, 
then surgery is going to he more effective 

Dr Deryl Hart (closing) Doctor Schmidt hi ought up the matter of 
early diagnosis I think the most important single factor in the control of 
neurofibromatosis is eaily diagnosis, so that we can impiess upon the patients 
the familial chaiacter of the condition and to uige upon them the undesii ability 
of passing this on as will occur if they have children 
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THE EFFECT ON THE BONE MARROW OF DISRUPTION 
OF THE NUTRIENT ARTERY AND VEIN*t 

Charles Huggins, M D , and Eugene Wiege, M D 

Chicago, III 

FROM THE DEPARTMENT OF SUROER\ OP THE UNI\ ERSITY OF CHICAGO CHICAGO ILL 

The nutrient vessels m the shaft of the femur in rabbits were disrupted 
at operation and the bone marrow studied at subsequent time intervals of four 
to 88 days The nutrient vessels are relatively small and are vulnerable to 
injury by trauma and operation The sequelae of such an injury and the na- 
ture of repair in the marrow have not been described 

One of the theoretic considerations m these experiments was the compari- 
son of the extent and position of the necrosis with the natural central fat core 
pattern of the femur In the exti emities of man, the dog, the rabbit, and other 
mammals, there is frequently seen a pattern consisting of a large central core 
of yellow marrow surrounded by a peripheral bark of red marrow in contact 
with the bone this pattern is seen in regions of centripetal marrow regres- 
sion m normal growing and adult animals, most frequently in the shaft of the 
femur, and its cause is unknown 

The blood supply of the femur m the rabbit has the usual small epiphyseal 
and periosteal arterial twigs, and m addition three arteries supplying the shaft 
The largest of these, the mam nutrient artery of the shaft, arises from the 
lateral circumflex artery near its origin from the femoral artery ^ It courses 
downward and posteriorly to enter the nutrient foramen on the medial aspect 
a short distance below the lesser trochanter just anterior to the dense tendin- 
ous insertions of the short adductor muscles Moore and Corbett^ stated that 
ligation of the nutrient arterj'^ diminished the amount of callus m experimental 
fractures, but this was denied by Houang,"* who found that fractures healed as 
well after section of the nutrient artery as m the control limb Johnson,^ in 
an ingenious series of experiments on the tibia in dogs, found that the nutrient 
arteries are the most important osseous vessels and maintain viability in the 
medulla and inner half of the cortex Kistler- injected large carbon particles 
into the nutrient artery, producing severe infarction of the marrow with sub- 
sequent connective tissue reaction He found that interference with the blood 
supply to the femur in rabbits by rupture of one or more nutrient vessels did 
not produce infarcts or stimulate reactionary changes except in one rabbit 
Brunschwig** elevated the periosteum between the epiphyseal plates, thus sever- 
ing all blood supply and drainage, in growing dogs this resulted in extensive 
marrow infarction in the shaft, but m adult dogs with closed epiphyseal plates 
infarction was not observed 

* Aided bj grants from the Fenger Memorial Fund and the Douglas Smith Founda- 
tion for Medical Research 

T Read before the American Surgical Association, Hot Springs, Va, Maj ii, 12, 13, 
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Method — In i8 rabbits, seven adults and ii ^\lth open epiphyses, the main 
nutrient vessels of the femur were interrupted 23 times, under ether anesthesia 
and aseptic precautions An incision, 3 cm in length, vas made just below 
the inguinal ligament, the quadriceps muscle, just lateral to the femoral ^es- 
sels and nerve, was sepaiated m the direction of its fibers b} blunt dissection 
until the femur w^as reached The principal nutrient vessels w'ere easily seen 
just anterioi to the tendinous insertion of the short rotator muscles just below' 
the lesser trochantei and interrupted either by ligature or ruptuie w’lth a 
forceps, the nutiient canal w’as then inspected for completeness of operation 
Closure was ol^tained by means of a continuous silk suture m the skin 



Tic I — Necrosis in marrow follow iiir rlisruption of the princiinl nutrient 
From left to riRlit the specimens arc the cxpcrinuntal and control ftmori 
of Kahhif J180 at four dass and simdar spicimcns from Rabhu o at stacn 
dajs Injected with ink one das before necrops' 

Fioin thiee to 84 dajs later, 15 rabbits were injected intravenously with 
colloidal solutions which accumulated in the macrophages, proving the extent 
of rc\ascnlan7ation Xme rabbits were injected with a frcshl} prepared 20 
per cent solution of Higgins’ American India ink m 09 per cent XaCl, using 
20 cc on two consccutne dajs before necropsy Three rabbits were injected 
With 5 cc do'^es of thorotrast (25 per cent thorium dioxide In weight) on 
each of three coii'^ccutu e da\s before death Three rabbits were injected with 
laibon on the third and fourth postoperatue da} and with thorium dioxide 
two to three weekb later to show the amount of \a«;cular ‘;upp]} on each 01 
thc^e occa‘>ions 
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Table I 


Days 

Rabbit Since Extent of Necrosis 

Number* Opera- in the Grossf Microscopic Findings in Transverse Sections 

tion 


I2-C 

4 

Small 

IO4-O 

4 

Large 

1 12-0 

4 

Large 

1 18-0 

4 

Large 

ii~0 

6 

Small 

124-0 

7 

Very large, reach- 
ing to epiphy- 
seal plate 

79-C 

7 

Large necrotic 
areas in upper 
and lower thirds 
separated by 
living marrow 

77-C 

9 

Large 

125-0 

ir 

Small, located in 
distal third of 
bone 

108-O 

II 

Two small nec- 
rotic areas i 
near nutrient 
canal, other m 
lower third 

24— c 

II 

Small, near nu- 
tnent canal 

120-O 

II 

Large 


Engorged capillaries at the periphery, coagula- 
tion necrosis in middle of femur 

This rabbit received colloidal carbon injec- 
tions on the fourth day and thorium on the 
thirteenth day A large carbon-free area 
and a small thonum-free zone show that on 
the fourth day there was much ischemia, 
which had disappeared by the thirteenth 
day 

Much pale-staining necrosis involving center 
and large part of periphery of marrow 

Most of the area is necrotic with a partial nm 
of living marrow The necrotic area is pale 
staining and contains no carbon There is a 
slight breakdown of cells with nuclei disap- 
pearmg Slight phagocytosis 

Much more necrosis than appears m the gross 
Much extravasation of blood between the 
necrotic fat cells and capillary engorgement 
around the penphery of necrosis Fat cell 
nuclei appear normal Many small macro- 
phages 

The necrotic marrow is pale stainmg with 
pyknotic nuclei and much basophilic nu- 
clear ddbns 

Coagulation necrosis Macrophages and many 
other hemopoietic cells are creeping m at 
the penphery of the necrosis 

Rim of living marrow surrounds the necrotic 
center which is being invaded by capillanes 
and macrophages 

Necrosis reaches the penphery of the bone at 
one point, it is being invaded from the side 
by new capillanes, myelocytes are forming 

Peripheral invasion by new capillanes 


Pale-staming cells with protein fibrils in nec- 
rotic areas Intense penpheral capillary 
congestion 


942 



lolunieiio DISRUPTION OF CIRCULATION OF BONE 

\umbcr 5 


Table I (Conhnued) 


Rabbit 

Number* 

Days 

Since 

Opera- 

tion 

Extent of Necrosis 
in the Gross 

Microscopic Findings in Trans\erse Settions 

0 

0 

13 

None 

About 80 per cent of the section is gelatinous 
marrow' involving the center and all of the 
penphery except a semilunate area Jklan} 
foreign body giant cells 

115-C 

14 

Small 

Two small areas of necrosis with pale cells 
Much gelatinous marrow 

II2~0 

22 

None 

Injected with carbon and thorium Nearh 
normal marrow' throughout At the pe- 
npher}' there is much carbon as compared 
with the center Much thonum throughout 

19-C 

28 

None, large exos- 
tosis at site of 
nutrient canal 

Normal appearance There is a large clump of 
vacuolated cells w'lth small fat globules, 
young fat cells 

14-C 

29 

None 

Normal except for bone island m marrow’ near 
nutnent canal 

113-0 

30 

None 

Normal appearance throughout, as in opposite 
control, except there is a small island of 
bone in the marrow center near nutnent 
canal 

loo-O 

74 

None, large exos- 
tosis at site of 
nutnent canal 

Normal appearance 

120-O 

74 

None 

Normal except for small bone area in marrow 
center 

ns-C 

77 

None 

Normal appearance 

13-C 

80 

None 

Normal appearance 

12-C 

88 

None 

Normal appearance 

* Tlie letters, - 0 , 

-C, designate open and closed epiphyseal cartilage plates 

t “Small’ 
marrow 

’ indicates an area of necrosis less than one-third of the transverse area of the 


The bones ^^ere fixed in lo per cent formalin, decalcified in 5 per cent 
nitiic acid and sectioned tians\eisch Mith a razor blade in 5 I^Im slices 
Histologic sections ^^erc stained with heniato.\}lin-eosin 

Rcsulti — The findings are show 11 in Table I In the gross, marrow neci o- 
sis could be seen as an opaque yellow area in all specimens at 1 1 or less post- 
operatne da}s. and in one specimen, 14 dajs after operation The nutrient 
canals were all found to be occluded and rccanalization was not ob'^er\ed 
In all specimens latei than 22 da\s after \ascular interruption, the marrow 
apjieared m the gross similar to that in the contralateral uiioperatcd femur 
The extent of the necrosis was \anable In the senes less than 12 da\s, the 
necrosis w as small fn e times and large se\ cn tunes In three ca'-es, the marrow 
nnarction was discontinuous consisting of two necrotic zones in the shaft 
sijnratecl In norninl marrow 
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The center of the marrow was involved in the necrosis to a greater extent 
than the periphery In no case was the entire transverse section of the marrow 
necrotic and there was always at least a partial rim of living marrow adjacent 
to the bone m some part of the section The necrosis, however, was not con- 
fined to the center of the marrow and in every case involved the periphery of 
the marrow reaching to the bone in at least one area In three cases, these 
were teat-hke exostoses containing marrow at the site of the old nutrient canal 
No other osseous changes were detected 

On microscopic examination, the necrosis was characterized by pale-stain- 
mg cells, whose outline was maintained for about one week, and later, a 

pyknotic appearance of the nuclei with accumulation 
of small basophilic bodies resembling nuclear debris 
There was a complete absence of inflammatory exu- 
date The spaces between fat cells early became 
filled with a fluid rich in protein, staining like fibrils 
In most of the sections there was an intense capillary 
engorgement in the living marrow adjacent to the 
necrosis Megakaryocytes and' fat cells stained well, 
longer than other cells m the necrotic zones, but 
shrunken nuclei were evidence that these cells were 
dead The specific leukocyte granules persisted 
longer than their nuclear material, especially in the 
eosmophile senes 

Recovery was apparent four days after operation 
The first apparent sign was infiltration of the periph- 
ery of the necrosis with more or less radially ar- 
ranged new capillaries and macrophages The cen- 
tral part of the necrosis was the last to persist and 
remained free of the injected particulate matter 

Tig 2 —Transverse sec longest Along With the new Capillary and macroph- 
tions showing marrow necro . , 

SIS following nutrient vessel age infiltration (Figs 3 and 4), many other marrow 

interruption at nine days ,, , r 11 

(Rabbit 77 C) Left, the in cells and many multinucleated foreign body giant 

operated control cclls infiltrated the periphery of the necrosis ihere 

was only slight histologic evidence of the disposal 
of necrotic marrow by the invading new tissue by phagocytosis, and few 
phagocytes contained unclear material There was no evidence of lysis 
An interesting finding was a lack of fibroblast formation 

From the thirteenth to the twenty-second day after operation, there were 
seen large areas of gelatinous marrow, an edematous loose fibrillar bone mar- 
row (Fig 5) with isolated single or small clumps of hemopoietic cells in com- 
parison to densely accumulated clumps of myelopoietic cells seen in the normal 
condition This gelatinous marrow was not seen after the twenty-eighth day 
and may be interpreted as a replacement stage in bone marrow formation 
Small islands of bone occurred in the marrow substance in three specimens at 
29, 30, and 74 days , this bone was located in the neighborhood of the nutrient 
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canal Since bone is consistently absent fiom the mairow of the shaft of the 
rabbit femur, this finding is of significance 

Disciiss'ion — Necrosis of the bone mariow always occuired following inter- 
ruption of the mam nutiient vessels While the same general appearance 
obtained, there wei e quantitative diffei ences in the rabbits Differences in the 
extent of necrosis undoubtedly can be i elated to diffei ences in periosteal and 
ai ticulai blood supply in individual femora The location of the necrosis shows 
well the aiea of bone manow supplied by the nutiient aitery, which is mainly 
the center of the marrow A theory that the cential fatty core of normal 
extremity marrow is related to decreases m nutrient artery function is thus sup- 
ported in part by the findings, hut a discoidant note is struck by the observa- 
tion that the neciotic area always i caches the bony wall at one point 

In all cases, complete repair occurred m the bone maiiow Study of the 
natuie of the reparative process was enhanced by the use of injected colloids, 
showing vasculaiity at certain time inteivals Bone mariow necrosis was 
found to repair by a creeping substitution process from the peripheral living 
mairow Between nine and 28 days, the presence of gelatinous marrow indi- 
cates incomplete regeneration of hone mai 1 ow At 74 days and later, the mar- 
row Itself was found completely lepaiied and indistinguishable from the normal 
Theie was a striking absence of inflammatoiy reaction to the necrosis 

The conspicuous absence of fibroblasts is of intei est and may be contrasted 
with the findings of Kistler, who used carbon emboli, producing a much more 
chronic piocess with much fibrosis of the marrow The necrosis occurring 
after simple nutrient vessel disiuption apparently is a more bland process of 
injury than the small carbon emboli used by Kistler, which evidently obstructed 
smaller vessels in a diffuse mannei The repaii of these marrow infarcts 
stands also m contrast to the repair of the infarcted spleen, an organ likewise 
rich in maciophages Bloom and Taliaferio^ found that the infarcts m the 
malarial spleens of canary were repaiied by a piocess of maciophage infiltra- 
tion, inflammation, scar tissue formation, and finally pi olifei ating lymphocytic 
nodules foimed The inflammatory and scar stages were not observed fol- 
lowing nutrient artery interruption 111 oui experiments 

CONCLUSIONS 

Surgical mtei 1 uption of the principal nutrient ai tery and vein in the rabbit 
was always followed by hone mariow necrosis The amount of necrosis varied 
111 extent , the central marrow and a part of the periphery adjacent to bone 
were always involved Thei e was total absence of inflammatory exudate An 
infiltrating t}pe of repaii by new capillaiies and macrophages arising from the 
living marrow at the penpheiy of the necrotic zone was apparent four days 
. after ligation, and no necrotic masses remained after 22 days Only slight evi- 
dence of removal of the necrosis by phagocytosis was obtained The earlier 
marrow lepair was chaiactenzed h}' loose isolated cells in an edematous gela- 
tinous marrow , hut after 70 days, the marrow^ w'as indistinguishable from nor- 
mal The absence of scar tissue in the reaction to the necrosis was striking 
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CHONDRITIS OF KNEE* 

William Darrach, M D 
New York, N Y 

Failure to cure internal deiangeinent of the knee by removing a meniscus 
thiough a small incision, has impressed on a good many surgeons the wisdom 
of using an incision large enough to explore the knee joint more thoroughly 
Out of 376 arthiotomies for this condition 27 i per cent were found to have 
an abnormal meniscus as the only lesion In 15 per cent the anterior cruciate 
ligament has been found to he partially or completely ruptured Other 
common additional lesions were hypertrophied fat pads, loose bodies, synovial 
changes and hypertrophic spurs There were four negative explorations 

The most commonly associated condition m this type of knee has been an 
alteration of the aiticular cartilage covering the femur, patella and tibia The 
fiist evidence seen is a change m color and firmness Instead of a bluish 
white, the cartilage looks yellow It feels softer when pressed with a blunt 
instrument and when the latter is moved along the surface, the cartilage will 
roll up in front of it Latei it becomes fissured and frayed and tongue-hke 
processes can be lifted up Detached small fragments will be found lying 
about the joint cavity, or laiger pieces up to two centimeters m diameter will 
be found, either free or partially attached In the more advanced cases, the 
condyles or patella will be largely denuded of cartilage over small or large 
areas Sometimes these areas will be covered with shining fibrous tissue, 
either smooth or granulai in appearance 

In the laige majoiity of instances this condition involves only the super- 
ficial portion of the articular cartilage and rarely does one see the underlying 
bone exposed Occasionally, a laige, deep crater is encountered, extending 
into the bone, and a corresponding loose body may be found somewhere in 
the joint It w^ould seem piopei only to apply the term osteochondritis to 
this latter type, if at all 

The sites wdieie this condition was found most frequently w^ere, in ordei, 
the doi sal surface of the patella, the anterior surfaces of the femoral condyles, 
the surface just above the intei condyloid notch, the under surface of the 
femoral condyles, the side w^alls of the notch, and the uppei surface of the 
tibia The involved aieas are usually found on opposed surfaces, i e , patella 
and anterioi surface of femoral condyles, or lower surface of the latter and 
tibia Fift)"-one per cent of the cases show'ed involvement of the articular 
cartilage In 6 8 per cent of the cases where it was present it w as the only 
demonstrable lesion 

The most frequently encountered associated lesions found w'ere meniscus 
alone in 76 meniscus and torn cru ciate ligament in 31, loose body m 18 
♦Read before the American Surgical Association, Hot Springs, A a, Alaj ii, 12, 

13, 1939 
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meniscus and loose body in 14, ciuciate ligament alone in '=;e\cn instances 
Among the less common lesions found '\\ere three benign tumois (lipoma of 
fat pad, hemangioma of fat pad and lipoma aihorescens), rheumatoid ai- 
thiitis in two cases and extensive adhesions m two instances 

When this condition has been found, it has been our custom to sha\e oil 
with a knife 01 sharp gouge, the afifected caitilage. leaMiig as smooth a suifacc 
as possible In eight cases w^e have had the oppoitumty of seeing at a second- 
ary opeiation the late result In six instances the aieas w'ere co\cicd with 
sliming, fibrous tissue eithei smooth 01 gianulai , m one this had occuired 
in the oiigmal lesion hut new' aieas had appeared and m the othei the 01 ig- 
inal aieas had deepened and enlarged When this condition exists the ictuin 
to 1101 mal function is distinctly slow'd than m the cases w'lthout this compli- 
cation This applies especially to joint fluid 

Although 26 of the cases w'ere found in patients undei age 20, the a\eiagc 
age of the chondritis cases was 33, as compaied with an aveiage age of 25 
of the cases without chondritis 

Because of its frequent association with othei tiaumatic conditions of the 
knee, because it usually only affects the supei ficial poi tion of the articulai 
caitilage, and because it geneiall}' appears on tw'o opposed stii faces, we be- 
lieve that this lesion is a 1 espouse to tiaiima lather than the lesult of a gcn- 
eial condition 01 to some mteiference w'lth the subjacent blood supply The 
teim chondiitis, theiefore, seems moie suitable than osteochondritis 

Discussion — Dr Kullogg Spccd (Chicago, 111 ) In mj recent exper- 
ience with 300 consecutive mjuiies of the knee, excluding fractuie, there have 
been found, upon examination or by opeiation, 25 instances of osteochondi itis 
of the knee including the dissecans type, jiiesumahly existing before the 
tiauma sustained at the time of the complaint of injui) Sometimes this con- 
dition within the knee has been completely unknown to the patient In othei 
instances, I have heheved, paiticularly m some situations wheie compensa- 
tion was sought, that the patient was awaie ol a pi 101 knee joint disability 
and awaited some accidental tiauma to capitalize it 

The onset of osteochondi itis mac he insidious — mj youngest patient was 
age 18. the oldest 62 The condition is often ushered in by sudden hjdrar- 
thiosis, which seldom shows blood upon aspiiation and which maj subside 
undei lest 01 immobilization Sometimes locking and simulation of derange- 
ment of a semilunai cartilage maj he an initial symjitom \ careful roentgen- 
ologic examination may show loose bodies or those about to loosen, usuallj 
from the aiticular suifacc of the femur, hut m some instance'', in spite of 
the roeiitgenogi am, opeiation maj he undei taken under a diagnosis of ''Cmi- 
lunar cartilage iiijiir} and the tiue situation exjiosed onh after the joint is 
opened for ms])ection — 01 cnerlookcd if the inciMon is not large enough to 
vliow all the pos^'ilnlities of changes within the joint 

1 he tieatment m.u he nonoperatue, where there arc no fiee loo^e hodit'- 
whith ma\ imjimge between joint surface'' Immobilization for ,i few weeks 
iiia\ jitiniit a (juieting down of the sjiunitis and ali'-oi ptioii of the effusion 
Reeuirencc of sunptonis usualh occurs e\entuall\ 1-astmtr cure m.i\ he 
obtained h\ eiperaiujii The choice 01 approach to the loiiit ma\ he goeeriied 
Iw roemgenole>gic findings or the absence of freeU mo\mg, detached bodies 
within the loint One must not make the error howeeer of lieluMiig that 
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the roentgenogiams ever tell loo per cent of the story of bone or cartilage 
change — in my experience it averages about 40 per cent 

For locally loose, and about to wandei, pieces of cartilage-bone, a small 
incision, usually the Jones hockey-stick type, may suffice for removal of all 
threatening masses If theie aie true loose and wandering- bodies, bold ex- 
posure of the joint by a para- or midpatella incision may be used For young 
and very active individuals or athletes, I leally prefer the split patellar incision 
because it permits earlier and safei active use of the joint If there are diffuse 
changes in the synovia with thickening, jelly-hke joint contents with loose 
bodies and joint crepitus, I employ complete synovectomy followed by early 
postoperative passive and active motion No knee joint thus tieated by me 
has failed to be benefited m varying degrees In the small, pure and early 
dissecans type, I do not believe in paring the cartilage edge as may be done 
m older and long standing instances When great defoimity and disabling 
pain peisist m the joint, resection of the knee promises relief and increased 
use of the leg 
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TREATMENT OF AVULSED SKIN FJAPS" 

Alfred W Farmer, jMD 

Touonto, 

Cases of seveie avulsion of skin occui fiequcntl) in cimI piacticc Pour 
such instances aie heiewith lepoited with a new method of ticatincnt dliiec 
of these follow'ed automobile accidents, and one a domestic wiingci injiin 
Tcchmc of Tjcafoicii/ —The method of tieatment consists first in the 
cxciswu of all the avulsed skin The assistant ticats the tiaumatizcd aica m 
any w^ay thought desnable This usually consists in a thorough cleansing 
and debiidement The cleansing of the raw area is pcifoimcd with asejitic 
lathei than antiseptic fluids Thus soap and watei, and saline aie the 'solu- 
tions of common choice The avulsed skin is then tieated be reinocal of all 
the subcutaneous fat It is necessaiy to do this thoioughh, although it is a 
tedious pioceduie Holding the skin on a fiim, flat suiface, the fat is rcinoccd 
by scraping, oi b}’’ cutting with cuivcd scissois, well into the dciinis The skm 
IS then sewn acciuately back into the position fiom which it was iemo\cd 
Quilting sutuies aie used also and the giaft is perfoiated with numeious small 
slab wounds The priinaiy diessing is of noiinal saline Finn pressure is 
obtained by bandaging, and a plastei encasement insures immobilit) The 
diessing is changed in ten to 14 days, unless theie is some special indication 
foi an eailier examination 
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Case I — G N, male, a^c 10, was admitted m June, 1936, follow mp: an automobile 
accident There was a compound fracture of the fibula, near the ankle joint, and a \cr\ 
scicic laceration of the soft tissues of the leg and lower third of the thigh The skm ind 
subcutaneous tissues from the junction ot the middle and lower thirds of the thmh to 
the ankle joint were torn free from the deep structures The skm was aPo lacerated and 
abraded It was decided that the upper and lower portions might pnssiliU Inc due to 
circulation through the upper and lower ends but that the superficial tissues irom the 
knee to withm three inches of the ankle had no chance to sur\nc 1 he\ v ere therefore, 
remoicd The area which was \cr\ dirte, was cleansed 111 a routine 1 ishion The sKm 
and subeutaiicous tissues, whieli had been remoeed were then made into a full ihirkiitss 
gralt b\ careful excision of all the fat This free gralt was replaced m the same jiositiou 
Irom which it had been taken sewn about the edges and fned with quilting sutures A 
dram was left m place as the whole area was \cr\ dirt\ on adnusstem 

Tile postoperatne condition is shown in Figure i \ icnc'trited jilistcr enr ne- 
mciit w IS ncccssarj because of the iracture There was a consulcrable an'<nint of ir- 
teetion but despite this a large part ot the full thicl ness graft Incd ( 1 ig 2 ) lie 
superficial tissues ot the lover thirel of the thigh died dt,e to jioor circul itioo ir<i n iho 
K was tlK'ught later that this shm iFo might ha\e been m ide .nU art ig( o”'l mo > ii o 
th’cki'e^s gran Tins area was eoecred with parinl ih.Gness g- m. i o’ Fo hud 
result IS shown in Fiunres 3 and 4 


• Ue-'d be’ore tin \n erica'. Smgicd if. ,i, H.„ h-,,n 
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Fig I — Case i Immediate postoperative appearance The fenestrated, im 
mobilizing plaster encasement was necessary because of a fracture 
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-Case I Showing the apnearance about ten dajs from the time 
of the accident 
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lies 3 ami 4 — Case i Front and side mow; of the fiml result 


Case 2 — This patient was operated upon in association with Dr W S Keith 
B M, female, age 7, was admitted in October, 1937. follow’ing an automobile acci- 
dent in which she had sustained laceration of the soft tissues of the left leg The skin 





Fic 5 — Case 2 Removal of the flan from the leg 

and subcutaneous fat were separated from the deep tissues, from above the knee region 
to about three inches above the ankle They had retained an attachment along the 
medial aspect of the leg only, over a width of about two inches The loose tissues were 
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1 IG 6 — Case 2 Return of the flap m the form of a free, full thickness skin graft 
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cut free, where it was considered that they would not live if left in place (Fig s) A 
full thickness free graft made of this skin was replaced exactly as removed (Fig 6) 
and sutured accurately into position Dressings were applied and left without disturbance 



Fig 8— Ctsc 2 Pitotognph taken two months after the accident 



Fig 9 —Case 3 Immediate postoperative result Fig 10 — Case 3 The result si\ months after 

the accident 


for two weeks There was practically a complete “take” of this graft, with the exception 
of one area (Fig 7, arrow) This was about one by two square inches in area and 
situated over the capsule of the knee joint The patient was discharged from the hospital 
in about three weeks from the time of her admission The result some months later is 
shown in Figure 8 
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Case 3 — R B , male, age lo, was admitted m December, 1937, following a wringer 
injury There was a laceration of the palm of the right hand, the skin, subcutaneous 



1 10 II — Cnse 4 The result two w eeks after the 
accident 


fat, and fascia being separated from the 
j deep tissues in the form of a flap, with its 

j base above the wrist This flap corre- 

I sponded to about two-thirds of the area 
I of the palm The skin appeared very dirty 
! and ragged, with no evidence of circula- 

, tion, except in the immediate vicinity of 

I the base This patient was operated upon 
by the house surgeon in charge After the 
usual cleansing and draping, the skin flap 
was removed beyond a point where circula- 
tion appeared adequate All fascia and 
fat was scraped off, leaving a free full 
thickness graft, which was then reapplied 
to the hand and sutured in position Firm 
pressure was applied over normal saline 
dressings Because of the risk of infection 
111 the very dirty wound, dressings were 
changed daily There was a perfect “take ” 
Figures 9 and 10 show the immediate post- 
operative and later results On examina- 
tion of the hand at the present time, it 
would be impossible to estimate the nature 
and severity of the original injury The 
functional result is perfect 

Case 4 — G H , male, age 18 months, 
was admitted in August, 1938, following an 
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automobile acciclciit in which he sustained a fracture of both femora and a severe lacera- 
tion of the left leg, extending fiom the knee to the ankle The skin and subcutaneous 
fat were sepaiated from the deep tissues, except on the anterolateral aspect, and at the 
ankle The skin flap was cut free, leaving a small strip on the anterolateral aspect intact 
(part of this died) It was converted into a free full thickness graft and reapplied The 
fractured fragments were controlled by skeletal traction The nursing problem and 
general care was, of course, difiicult Despite this, over 8o per cent of the graft “took ” 
The remaining raw area w’as later covered wnth a partial thickness graft Figures ii 
and 12 show' the condition two wrecks and some months, respectively, following the 
accident 

On examination of the hteiattne, it is possible that this leinoval and le- 
placement type of opei ation as desci ibed may have been pei lot med pi eviously, 
moie by mistake than design, and with no compi ehension of what took place 
For instance, Malheibe,^ in 1S98, lepoited a case of scalp avulsion The scalp 
was disinfected, shated and siitmed back in jiosition The peculiarity lies m 
the result This was the onl) case of 21 of a similai vaiiet}^ reported by 
Davis," wdiich did not slough Fiom the description, one might hazard a 
guess that possibly this fiee gialt “took” The giafted scalp seemed to dry 
up and act as a dressing Theie was some pulling away at the edges and 
healing w'as not complete foi oaci three months The lecoid is not cleai, and 
if theie w'as a “take” of this free scalp giaft, then the fact has not been lecog- 
nizecl until the pi esent Thei e is no 1 eason w by such a 1 esult should not be 
obtained, paiticulaily if, in view of the pi esent undei standing, some modifica- 
tion of the graft w'cre made 

This aiticle does not undei take to discuss the pi epai ation and aftei-caie 
of a full thickness graft This has alieady been done many times The le- 
sults obtained in accidental w'ounds depend chiefl} upon the factoi of infection 
They wnll vaiy also to some extent, on associated injuiies, wdiich by then 
presence make the aftei-caie of the giaft moie difficult 

SUMMARY AND CONCLUSIONS 

Foul cases are lepoitcd which illustiate the use of full thickness giafts as 
a piimary measuie m the treatment of accidents when a loss of supeificial 
tissue seems inevitable This type of giaft gives a much bettei 1 esult than 
can be obtained with partial thickness giafts employed at a later date 

This method of treatment, besides saving the damaged tissues fiom certain 
death, saves also much hospitalization and gives a bettei cosmetic and func- 
tional result than by any other method 
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Discussion — Dr John Homans (Boston) I am pai ticularl}!' interested 
111 this contribution of Doctoi Faimei’s, because it applies veiy well to the sort 
of plastic woik which I, as an ignorant plastic suigeon, have been perfoiming 
I have been making very wide flaps indeed, in trying to lemove the subcu- 
taneous tissues in elephantiasis of the legs It occuired to me there was no 
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use in saving any fat in these flaps, so that I now make them almost entirely 
of skin I cut off very carefully, with a sharp knife, all of the subcutaneous 
tissue (except at the very base of the flaps) and then replace the skin thus 
prepared upon the muscle, or whatever is left underneath 

I have noticed m making those flaps that, at the end of the operation, un- 
less I have scarred the skin very carefully with a sharp knife, they turn very 
blue and it is almost impossible to make the sort of pressure which will keep 
them from suffering fiom the acute passive congestion, which is so fatal to 
these plastics In other words, the flaps get plenty of arterial supply, but they 
do not get sufficient venous drainage It would seem to me that in some cases 
I might well have made a whole thickness graft instead of attempting to secure 
some blood supply from the base of the flap itself I have not yet used that 
method, but this work gives me the feeling that there is a good deal in this 
idea, and that it may be better, m planning flaps of a certain size, to use a 
whole thickness graft rather than to expect to be able to dram a very wide 
and thin flap 

Dr Arthur M Shipley (Baltimore) Last year, in Boston, I read a 
paper, and the two men who discussed it were totally at variance with my 
methods, but each was good enough to say that in spite of the fact that he did 
not approve of the methods which I had used, the statistics that I quoted spoke 
for themselves I only arise, therefore, to say that m spite of the fact that 
many of us wonder why these flaps could not have been left attached, certainly 
the pictures presented speak for themselves and do not admit of very much 
criticism 

Dr Sumner L Koch (Chicago) Doctor Farmer is to be congratulated 
on the'very excellent results he has obtained in these cases and for his emphasis 
on one very important fact, namely, that it is the immediate treatment which 
the patient receives that counts for so much, for it is the man who first sees the 
patient who has the best opportunity for securing successful results such as 
Doctor Farmer has obtained 

I wonder if there are not a few othei factors that ought to be emphasized 
m this connection The amount of trauma that has been sustained by the flap 
IS certainly a ver)'- important one If the flap has been crushed and if it is 
white and devitalized, nothing m the way of good surgery can save it If it is 
not crushed and if the tissue is still viable, then gentle and kindly treatment 
will help to make its preservation more certain 

I believe, and I say this without any critical intent, that the flap which was 
attached to the leg along its entire lateral margin would have survived com- 
pletely if it had only been carefully cleansed and had been sutured back in 
place, and if pressure had been maintained over it to avoid congestion I 
would not wish to cut such a flap away, for it appeared to have an adequate 
blood supply, and it should live if every form of trauma could be avoided 
The lesson that Halsted and all of his pupils have taught us, that living tissue 
IS fragile, delicate substance and that it will survive if it receives kindly treat- 
ment, IS much to the point 

In the second place, I would not like to scrape the subcutaneous tissue 
from such a flap Both Blair and Neuhof have shown that m the use of full 
thickness grafts success depends upon getting a graft of skin alone, without 
subcutaneous tissue attached, stretching the graft under normal tension with 
the aid of sutures, and maintaining smooth pressure over it to prevent con- 
gestion and to prevent oozing of blood and serum underneath the graft The 
best wa}’’ to secure a graft of skin alone is by sharp dissection If we scrape 
it, we traumatize the capillaries and make more difficult the ingrowth into the 
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giaft of the new capillaiies upon which the life of the tiansplanted tissue de- 
pends 

It seems to me Doctoi Faimei’s contiibution is an important one and has 
a leal place m that t}pe of flap which is partially avulsed and which has only 
a distal attachment Still I would not cut such a flap away, for even the 
distal attachment is of value I would lather remove the subcutaneous fat 
fiom such a flap by shaip dissection, convert the flap into full thickness skin, 
and then lay it back m place and sutuie the free maigm to the edges of the 
defect Even the distal attachment would give some little blood supply that 
would help to safeguaid the flap 

Dr Henry F Graham (Biooklyn) Doctor Koch has stolen most of my 
thundei, but I should like to say just a word This is a valuable contribution 
if It is used vith the expeiience of 3^eais behind it, but if it were broadcast 
that eveiy avulsed flap should be cut oft and scraped and sewed back in place 
again, inepaiable damage would be done to many people 

This speakei 's second case, especially the one where the leg flap was shown, 
vas the one that especially aioused ni)' inteiest, because I had a very similar 
case some yeais ago A doctor while diiving an automobile knocked down a 
child and brought him into the hospital with a veiy laige and very dirty skin 
flap, similar to the one shown , if anything, I think, more extensive The child 
u as m shock at the time, and nothing could be done even in the way of cleans- 
ing He was almost pulseless He was given moiphme, and as the best 
procedure that we could follow, as long as we could not take him to the 
opeiating room, we lifted up the flap, satin ated the entiie wound and the inside 
of the flap with Zonite, about i 3 dilution, and put on wet compi esses, so 
that the whole w ound was soaked m it The flap was laid back over the Zonite 
compi esses and othei wet compi esses placed on the outside, it was then 
bandaged up and left Aftei foui 01 five bouts the shock diminished and it 
was possible to take the child to the opeiating room The wound was cleansed 
and the entire fiee edge of the skin flap was caiefully cut away, also the edge 
of the wound from which the flap had been lemoved, and the entire wound 
underneath was cleansed also, i emoving all the little pai tides of street dirt with 
scissors The flap was sutured back in place, a dressing applied, and primary 
union was obtained in that wound without any infection at all 

When a viable flap is present this is a better piocedure than to try this 
full thickness detached giaft, but I know that there aie many cases where skin 
has been cut away and wheie we could have used this full thickness graft 
method, and I shall ceitamly tiy it m the future 

Dr A W Farmer (closing) We have thought of leaving avulsed skin 
flaps attached and making them into full free thickness grafts, and we have 
done it The only case that we lost was one in which we did that I do not 
know whether it has anything to do with pumping of aiterial blood into the 
full thickness graft from the edge which is attached with inadequate drainage 
from It or not, but certainly I think, piobably in my hands, it is better to detach 
the whole flap 

I would not agree with Doctor Koch It is not a very nice thing for a 
surgeon to say carefulness is not necessary, but we have not found, with either 
the partial thickness or the full thickness vaiiety of graft, that one needs to go 
to the degree of caiefulness which would mean prolongation of the operation, 
etc , where methods which are slightly more rough would make the operation 
more expeditiously performed 

We have not had any trouble with these free full thickness grafts, or other 
full thickness giafts done for other conditions in handling them fairly roughly 
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Before closing this annual meeting, I want to thank the fellows foi the 
gieat effoit which they have made towaid making it a success We have 
deviated m two lespects from the usual proceduie, in that the meeting was 
held at a resoit, and also that theie have been three full days devoted to the 
pi ogram The attendance has been all that we could have hoped for One hun- 
died thnty-seven have registeied and almost surely there are some who have 
not legistered The attendance at the meetings has been unusually good 
Theie have been fiom 75 to more than 100 piesent during the active periods 
of all of the sessions 

It was feaied that the amenities of the locale might divert a good many 
to the golf links, but despite the fact that it has lamed to-day, I am inclined 
to give you credit for staying with us and especially making this last half 
day a success You know how, usually, in the big cities, the audience is 
made up almost entnely of medical students on the last half day On this 
occasion we have not any medical students to attend 

Of couise you well undei stand that the success of the meeting has been 
a gieat personal satisfaction to me 

* Read before the American Surgical Association, Hot Springs, Va, May ii, 12, 
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THE OPERATIVE LENGTHENING OF THE TIBIA AND FIBULA-^ 

A PRELIMINARY REPORT ON THE FURTHER DEVELOPMENT OF 
THE PRINCIPLES AND TECHNIC 

Leroy C Abbott, M D , 

AND 

John B deC AI Saunders, AI B , F R C S , (Edin ) 

Frvxcisco, C/VLir 

FROM THE DI\ ISION OF SUHGERl , HI P\RTMFNT 01 ORTIIOPFDIC SOROFRY, UM\ EnsiT\ OF C VLIFOUMA. MEDICAL SCHOOL, 

SVN lUANClSCO, C\LIF 

In 1924. at the Shnnei’s Hospital foi Ciippled Childien in St Louis, we 
perfoimed 0111 fiist opeiation foi lengthening the tibia and fibula in a patient 
in V horn shortening of one leg had follow ed an attack of acute anterior polio- 
m3'elitis In this patient, a gain in length of one and one-half inches was 
seemed together wnth a decided tunctional impiovement Encouraged by 
this result, w'e decided to use the opeiation in a selected gioup of cases wheie 
shortening of one of the low'ei extieinities constituted the major disability 
A description of the pi ocedui e and the 1 esults obtained in the first six patients 
was published in Januaiy, 1927 ^ 

Fuither expeiience led to impiovement m the technic of operation and to 
fuither development of appaiatus and, by 1930, w^e had opeiated upon 73 
patients, 48 of whom had lengthening of the tibia and fibula and 25 of whom 
had lengthening of the femui The i esults obtained and the difficulties and 
complications encounteied weie discussed 111 fuithei publications-’®’^ 

Oui W'oik stimulated an inci easing mteiest m bone lengthening operations 
at various clinics in this countiy The liteiatnie leflects this mteiest, since 
a substantial number of opeiations, wnth satisfactoi^ 1 esults, have now been 
leported Brockway,® m reviewmig a senes of 46 leg lengthenings, states 
“When the opeiation for the lengthening of legs was first piesented to the 
piofession, it was believed by many to be a veiy foimidable proceduie involv- 
ing consideiable iisk Tested by actual experience, the operation has been 
found to be most practical and safe” Othei siiigeons have leported their 
results 111 a consideiable gioup of cases All of them, however, have recorded 
complications While m some instances these complications might have been 
caused by inexperience with the details of the proceduie, w^e know that these 

* Read at the Annual Meeting of the American Academy of Orthopedic Surgeons, 
Los Angeles, Calif , January 20, 1938 Submitted for publication November 2, 1938 

This work was supported by the Florence Heilman Ehrman Donation for Ortho- 
pedic Children and the Christine Breon Fund for Medical Research 
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complications will occur even in the hands of experienced surgeons who are 
thoioughly conversant with the operation We can only attribute these com- 
plications to imperfections in the method which we have outlined in our pre- 
vious publications 

These complications have led to a giadual loss of inteiest in the proceduie 
of leg lengthening, and other less ladical opeiations have been substituted 
Shortening of the sound leg by fusion of the epiphyses at the knee, at the 
ankle, or both, has been developed in a highl}’- scientific manner by Phemister ^ 
Resection of a segment of the femur oi osteotomy of the femui with overlap- 
ping and fixation of the fragments by pins, has been practiced extensively by 
White The excellent work of these surgeons has placed leg shortening on 
a sound basis While leg shortening is not always free from complications, 
it IS a much simpler undertaking than leg lengthening It is oui opinion, 
therefore, that, in the present stage of development of this operation, for the 
majority of patients with shortening of one of the lower extremities, the 
operation of leg shortening by the method of White or the epiphyseal ariest, 
as piacticed by Phemistei, is piefeiable to leg lengthening Theie are ceitain 
patients, however, in whom epiphyseal ariest is no longei applicable because 
they have reached maturity There are otheis of shoit stature in whom 
further reduction in height is undesiiable and especially m patients with a 
marked degree of shortening, fuithermore, it is to be home m mind that leg 
shortening is carried out on the sound limb and on this ground may be 
objected to by the patient Such indications for leg lengthening make it 
desirable to retain the procedui e foi a limited group and, in consequence, we 
have conducted further studies with a view to reducing the chances of com- 
plications The results of these studies point to a clearer recognition of certain 
fundamental principles for the technic of operation Our experience with the 
new technic has not been sufficiently extensive to meiit any final conclusions, 
but we feel that our results should be lecoided This present communication 
IS entirely in the nature of a prehminaiy report 

The Comph cations oj Leg Lengthening — We believe a list of the common 
complications of leg lengthening is an essential preliminary to a discussion of 
methods 

(I) Deformities of the foot (a) Valgus, (b) Equinus, (c) Equmovalgus, 
(d) Calcaneovalgus 

(II) Deformities of the knee (a) Genuvalgum, (b) Flexion contracture, 
(c) Relaxation of the knee 

(III) Anterior and medial bowing of the fragments of the tibia with mal- 
or nonunion 

(IV) Limitation of motion at the ankle 

(V) Weakening of the muscles of the leg 

(VI) Nerve complications (a) Paratysis or weakening of the muscles, 
(b) Disturbance of sensation 

(VII) Disturbance of circulation (chronic swelling of the leg) 
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(VIII) Infection (a) Infection of the opeiative wound, (b) Infection of 
pin wounds 

(IX) Aseptic neciosis of bone ( Compel e®) 

The defoimities of the foot, of the knee and the bowing of the fiagnients 
of the tibia, iMth consequent malalignment oi nonunion, are caused by the 
failuie of the soft paits to lengthen pi opoi tionately with the bones The soft 
paits of majoi significance are the deep fascia, the intei niusculai septa, the 
interosseous membiane and the peiiosteum In addition, the tendinous con- 
tent of the muscles offei gieat lesistance to lengthening For the most part, 
these fibious stiuctuies aie moie intimately blended with the fibula than with 
the tibia, theiefoie, the segments of the fibula do not separate equally with 
those of the tibia 

At the ankle, the internal malleolus moves distally, while the external 
malleolus lemains lelatuely fixed in position with not only subluxation at the 
lower tibiofibulai joint but also alteiation of the moitice of the ankle joint 
itself The change in the moitice and the lesistance of the peroneal muscles 
and of the ligaments passing fiom the external malleolus to the os calcis and 
astiagalus, foice the foot into valgus This position may be converted into 
equinovalgus or calcancovalgus, depending upon the relative resistance of the 
dorsal and plantai flexoi s of the foot 

On the lateial side of the knee, the deep fascia and the intermuscular septa 
blend intimately with the lateial ligaments and the capsule of the knee joint, 
the biceps femoiis tendon and the iliotibial tiact The tension developed m 
these structiues dining the lengthening foices the knee into flexion and adduc- 
tion Sti etching of the internal lateial ligament follows with resultant 
genuvalgum and instability of the joint Occasionally the head of the fibula 
may sepaiate from the tibia and move dowmvaid This displacement has not 
been of gieat consequence yet it may stietch the external lateral ligament and 
cause furthei lelaxation of the knee 

We believe limitation of motion at the ankle is caused by a traumatic 
arthritis which is due to the tremendous piessure on the aiticular surfaces of 
the joint Wheie theie is also malalignment of the joint, this arthritis may 
become piogressive in chaiactei 

In our expel lence, injuries to the nerves, with paitial paralysis of the 
muscles, disturbance of sensation and interference with circulation, have not 
been frequent or seiious complications These are undoubtedly the outcome 
of overstretch during lengthening 

In a piocedure of such magnitude, which lequiies wide opening of the 
medullary canal, infection of the opeiative wound may leadily occur unless 
the stiictest attention is paid to asepsis and to the gentleness with which the 
tissues are handled Pressure neciosis of the skin and soft tissues, with attend- 
ant osteomyelitis, is due to the lack of complete contiol of the fragments 
Infection of the pin wounds is caused by tiauma during their insertion, by 
pressure necrosis of the soft tissues and bone and also by too frequent changes 
of dressings It is our expeiience that the diessings should not be changed 
unless there is absolute necessity for it An umecogmzed, but none the less 
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important, factor in the production of osteomyelitis is the migration of pins 
from side to side Undue irritation from faulty metal used m the construction 
of the pins is another important cause of bone destruction We agree with 
the conclusions of Compere,® in that aseptic necrosis of the fragments may 
result from too extensive stripping of the periosteum In the presence of 
infection, this aseptic necrosis may change to septic necrosis, and resultant 
osteomyelitis with all its disastrous sequelae 

The weakness of the muscles, apart fiom nerve injury, may be attributed 
to ovei stretching of their fibers beyond the limits of then elasticity 

Disciisston of the P) maples of Leg Lengtlienmg — In early publications, 
we stressed the importance of the application of certain fundamental prin- 
ciples in order to lengthen a bone, which were First, traction must be made 
directly on the bone itself , second, m order to overcome the elastic resistance 
of the soft parts, traction must be slow and continuous in type , and third, to 
avoid harmful pressure on these soft parts, alignment and contact of the 
fiagments must be maintained during the lengthening process Further 
experience with the procedure has convinced us that with the operation, as 
performed even with the four-pin control, the application of the thud prin- 
ciple IS difficult of attainment We early recognized that an important cause 
of malalignment was the resistance of the fibrous sti uctures, particularly those 
attached to the fibula We, theiefoie, advised and cairied out increasingly 
radical divisions of the deep fascia, the intermuscular septa, the periosteum 
and the interosseous membrane A just criticism was offered by Haboush 
and Fmkelstem,® on the giound that the division of these structures was at an 
incorrect level We had already leahzed this at the time and further studies 
emphasized it 

In the couise of our studies we earned out many anatomic dissections of 
the leg Our puipose was First, to determine the exact anatomic relation of 
the deep fascial envelope, the intermuscular septa and the interosseous mem- 
brane to the tibia and fibula Second, we Avished to satisfy ourselves as to the 
exact relation of the muscles of the leg to these fibrous structures and to the 
bone These dissections disclosed that no matter how radical the division of 
the fascial envelope, the intermuscular septa, the interosseous membrane and 
the periosteum, considerable resistance was still offered to lengthening This 
resistance Avas due to the enormous fibious content of the muscle bellies A 
fact not fully appreciated, is that m any muscle the fleshy part contains an 
amount of fibrous tissue equal to the bulk of its tendon The tendon of a 
muscle passes from its origin to its inseition, being only expanded in its 
muscular substance Because of this arrangement, complete dnasion of the 
fibrous parts, etc , leaves a large part of the resistant fibrous elements un- 
touched When a muscle is stretched beyond its inherent elasticity it can only 
yield at the expense of its passiA’^e elements Destruction and breaking doAAm 
of these elements leads to permanent damage Avith scar formation in the 
muscle substance We regard the loss of muscular poAver as due, not only to 
overstretch, but also to contractures in the muscles This is evidenced bA’’ the 
progressiA'e development of fixed deformity, not infrequently met Avith m leg 
lengthening 
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It IS evident, theiefoie, that the pievention of overstretch of the muscles 
demands eithei lengthening of their tendons at the ankle or the freeing of 
then 01 Ignis fiom the uppei paits of the tibia and fibula Multiple tendon 
lengthening is impiactical and would pioduce a widespread weakness of the 
muscles which would defeat oui pm pose The only alternative, theiefoie, 
was to considei the piacticabihty of fieeing the oiigm ot the muscles sufficiently 
to peiinit the peifoimance of such osteotomies as would allow bodily migiations 
of these muscles with the descending fiagments of the bones To deteimme 
whethei or not this plan was feasible, we earned out anatomic dissections 

Anatomic Coimdeiatwns — In these dissections we weie primarily con- 
cerned with the following stiuctuies (A) The deep fascia, (B) The inter- 
osseous membiane, (C) The oiigin of the muscles, (D) The points of fixation 
of the blood vessels and the neives, (E) The nutrient vessels 

(A) The Deep Fascia — This foims a complete envelope foi the leg except 
ovei the subcutaneous suiface of the tibia and over a small triangular aiea 
about the lateial malleolus of the fibula In these legions it is continuous with 
the pel losteum of these tu o bones Proximally, it blends with the fascia lata 
and IS strengthened by expansions fiom the tendons about the knee The 
fascia IS notably dense ovei the anteiolateial aspect of the leg wheie its deep 
sui face gives pai tial oi igm to the extensoi and pei oneal musculature Distally, 
it presents additional fibeis which constitute the senes ot retinacula which bind 
the tendons in the legion of the ankle and the foot 

On the anterolateial aspect of the leg two mteimusculai septa, the anterior 
and posteiior peroneal septa, pass fiom the deep fascia to the fibula The 
anterioi pei oneal septum encloses the supeificial pei oneal neive and separates 
the extensor fiom the pei oneal muscles The posteiior pei oneal septum 
sepal ates the pei oneal muscles from the muscles of the calf These septa are 
expanded and especially thick wheie they blend with the deep fascia and they 
divide the leg into thiee osteofascial compartments — an anterioi, a lateral and 
a posteiior oi fiexoi compaitment Theie are seveial othei subsidiaiy septa 
One of these extends fiom the posteiioi pei oneal septum acioss the posterior 
compartment of the leg on the suiface of the deep flexor muscles to meet the 
tibia It encloses the posteiioi tibial vessels and nerves and is best defined 
m the distal two-thirds of the leg Anothei fairly stiong sheet of fascia covers 
the tibiahs posterior muscle and sepaiates it fiom the flexors of the toes This 
fascial septum is continuous with the fascia on the surface of the popliteus 
muscle where it is stiengthened by an expansion from the tendon of the 
semimembi anosus In the anteiior compartment there are a series of weak 
and ill defined septa sepaiatuig the individual extensor muscles 

(B) The Interosseous Membiane — The interosseous membiane occupies 
the mteival between the two bones Above, it has a laige aperture for pas- 
sage of the anterior tibial vessels , below, a similar one for the passage of the 
perforating peroneal aitery Posteiiorly, it gives partial origin to the tibialis 
posterior muscle while, anteriorly, it is directly related, m the proximal two- 
thirds of the leg, to the anterior tibial vessels 

(C) The Oiigin of the Muscles — ^The origins of the muscles are given in 
the following tabulated form (Table I) 
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Table I 

MUSCLES OF THE ANTERIOR COMPARTMENT 


Tibialis Anterior 
Lateral condyle tibia 
Proximal two-thirds lateral 
surface of tibia 
Interosseous membrane 
Overlying deep fascia 
Septum between it and ex- 
tensor digitorum longus 


Extensor Digitorum Longus 
Proximal two-thirds anterior 
half of medial surface of 
fibula 

Interosseous membrane 
Neighboring septa 
Overlying fascia 

Peroneus Tertius 
Distal one-third of the an- 
terior half of the medial 
surface of fibula 
Interosseous membrane 
Neighboring septa 


Extensor Hallucis 
Intermediate two-thirds an- 
terior half of medial sur- 
face of fibula 
Interosseous membrane 
Neighboring septa 


MUSCLES or THE LATERAL COMPARTMENT 


Peroneus Longus 
Head and proximal two- 
thirds of the lateral sur- 
face of fibula 
Intermuscular septa 
Overlying fascia 


Peroneus Brevis 
Distal two-thirds of the 
lateral surface of fibula 
Intermuscular septa 


MUSCLES or THE POSTERIOR COMPARTMENT 


Gastrocnemius 
Lateral head 

Distal part of lateral epi- 
condylar line of femur and 
lateral surface of condyle 
Medial head 

Medial side of popliteal sur- 
face of femur 


Popliteus {insertion) 
Popliteal line and triangular 
surface above it 


DEEP GROUP 
Flexor Digitorum Longus 
Intermediate three-fifths 
postenor surface of tibia, 
medial to vertical line 
Fascia on surface of tibialis 
postenor 


Tibialis Posterior 
Postenor half of the medial 
surface of fibula 
Proximal two-thirds of the 
postenor surface of tibia, 
lateral to vertical line 
Lateral condyle 
Interosseous membrane 
Fascia covenng it 
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Soleus 

Head and proximal one- 
third of posterior surface 
of fibula 

Fibrous arch over popliteal 
vessels 

Oblique popliteal line 
Intermediate one-third of 
medial border of tibia 

Flexor Hallucis Longus 
Distal two-thirds postenor 
surface of fibula 
Fascia over tibialis poste- 
nor 

Interosseous membrane 
Posterior intermuscular 
septum 
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(D) Foi)if<r of Fnafwn of the Vessels and Neives — The vessels and 
nerves of the leg pi esent vei y definite points of fixation The common peroneal 
neive passes fiom undercover of the tendon of the biceps femoris muscle to 


'efoneuLs 
longu-o 



Soleus m 


PsY^oneus 
b'Pevis 




(A) 


Soleuts na\ 


Flexor* halluois 
iongus 


Per’oneu.s 

br>evi& 




N ' '///j 


fPophtexxs 




wipi^in of soleus 
from hnea 
poplilea and. 
shaft of tibia 
7’aflected. 
subpemobteally 


Flexor* digitorum 

longuts. 








(B) 


r,.i ^ origin of the muscles from the anterior and posterior surfaces of the tibia 

ana noula with osteotomies of both bones in the anteroposterior plane to permit bodily migration of the 
origin of the muscles with the descending fragments 
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pieice the fascial envelope of the leg It winds aiound the neck of the fibula 
and into the lateral compaitment in fiont of the posterior peioneal septum 
Just prior to pieicing the fascial envelope, it is held in place by a fibrous expan- 
sion fiom the tendon of the biceps The popliteal vessels aie fixed at two 
points The first point of fixation is wheie its anteiior tibial division passes 
through the interosseous inembiane, the second is wheie the posteiioi tibial 
arter}'^ passes beneath the aich of the soleus 

(E) Nut) lent Vessels — The nutrient alter})- to the tibia is usually given 
off fiom the posteiior tibial aiteiy just below the fibious aich of the soleus 
It passes medially and downwaid undeicovei of the soleus to pierce the sub- 
stance of the flexoi digitoium longus and enteis the bone This vessel gives 
off seveial muscular blanches, one of which is found entering the soleus muscle 
at about the level of the oblique popliteal line The nuti leiit artery to the fibula 
IS a branch of the peioneal aiteiy It may enter the bone at the junction of 
its uppei and middle thuds or at its lowei and middle thuds 

The anatomic airangement may be summaiized by lecognizing that the 
muscles passing fiom the tibia and fibula to the foot aiise from a bony and 
fibrous Gothic arch with lateial pillais consisting of the shafts of the two bones 
(Fig I a and b) The outer fibulai pillai is completely invested with muscles 
and its surfaces for attachment ai e extended by the intermusculai septa The 
inner tibial pillai gives oiigin to muscles except foi its medial subcutaneous 
surface The interval between the pillais is occupied by the interosseous 
membiane which affords additional sui faces foi the oiigin of muscles The 
deep fascia invests the leg ciicumfeientially with the exception of the medial 
surface of the tibia In the region of the apex of the aich it gives oiigin to the 
muscles on the anterolateral aspect of the leg 

With this ai rangement in mind, we considei ed a procedui e for freeing these 
muscles bj)- a complete subperiosteal leflection fiom the upper parts of the 
tibia and fibula The magnitude of the periosteal i eflection necessary to accom- 
plish this would deprive laige segments of both bones of a laige pait of then 
blood supply In addition, this pioceduie, necessarily blind, would endanger 
the important blood vessels and neives in the vicinity This method was, 
therefore, not adopted and, latei, we decided that these important structures 
could be bettei exposed by two incisions, one, on the antei olatei al and the othei 
on the postei omedial aspects of the lowei thigh and upper leg 

The following cases illustrate the piactical application of these new prin- 
ciples All of these operations vere peifoimed with a tourniquet applied 

Case I — E G , male, age 13 Admitted, March 10, 1936 
Chief Coiiiplauit — Shortening of the right leg 

Picscitf Illness — Acute anterior poliomyelitis at the age of six, with residual pa- 
raljsis of the right leg 

Physical Examination — ^Marked atroph> of the muscles of the right leg The muscles 
which showed moderate power W'ere the gastrocnemius, the peroneus longus and brevis 
The foot w)as in equmovalgus There w'ere two inches of shortening 

Opciation, Match 19, 193 ^ — The operation was performed as a single stage pro- 
cedure The upper attachment of the muscles, the popliteal and tibial vessels, and the 
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peroneal and tibial nerves were exposed through anterolateral and posteromedial incisions 
The origin of the peroneus longus, the soleus, the extensor digitorum longus and the 
tibialis anterior muscles were freed subpenosteally from the upper ends of the tibia and 
fibula in the region of the arch formed by these two bones The intermuscular septa, 
the interosseous membrane and the deep fascia were divided The fibula was osteotomized 
by an oblique section of its upper end The tibia was divided by a transverse cut through 
the posterioi cortex just below the level of the linea poplitea The extremities of this 
division w'ere joined by linear sections of the cortex, three inches in length, on the 
middle of the medial and lateral surfaces of the tibia The four -pm apparatus was ap- 
plied and the osteotomy w'as completed by a cross-cut of the anterior crest of this bone, 
uniting the linear sections on either side 

Poslopciativc Notes — An infection developed about the upper pins, from which a 
quantity of pus discharged for several days The temperature subsided gradually and 
the wound closed Despite the infection, lengthening was continued and the desired two 
inches was obtained 

Final Result — Union with satisfactory alignment, two inches gain in length and 
excellent improvement in function The slight equinus deformity present before lengthen- 
ing was subsequently corrected by stabilization of the foot 

Comment — The lessons we learned fiom our experience with this patient 
weie that the opeiation was entiiely too extensive foi one stage, and that the 
periosteal stripping ivas excessive These difficulties were no doubt i elated to 
the infection of the pin wounds and the development of a mild localized 
osteomyelitis 

In oui next case, we decided to peifoim the opeiation in two stages, and 
we also planned an osteotomy of the tibia which would reduce the amount of 
peiiosteal stripping 

Case 2 — B W , female, age 13 Admitted, November 10, 1936 

Chief Complaint — Shortening of the right leg 

Histoiy — At the age of 13 months, this patient had acute anterior poliomyelitis, 
which was followed by paralysis of the right leg At the age of 10, she had a stabilization 
of the right foot 

Physical Evaminatwn — There was no power demonstrable m the muscles on the 
posterior aspect of the leg The dorsal flexors of the foot and the extensors of the toes 
were strong There were two and one-half inches of shortening of the right lower ex- 
tremity, two inches of which were confined to the leg 

Opeiation, Novemhei 13,, 1^36 — As m Case i, the muscular attachments, the vessels 
and bones were exposed through two incisions The muscles were detached in essen- 
tially the same manner as in Case i except that the periosteal stripping was less extensive 
on the posterior aspect of the tibia The fascia, the intermuscular septa and the inter- 
osseous membrane were freely incised and the fibula was obliquely transected at its upper 
end The beginning of an oblique osteotomy, which was contemplated for the second 
stage, was commenced on the posterior aspect of the tibia at the lower end of the linea 
pophtea From this site it was continued forward and downwaid for approximately 
one inch 

Second Stage 0 />ei afi on —November 25, 1936 The four-pm apparatus was applied 
The posteromedial incision of the first stage was continued forward and downward onto 
the crest of the tibia The peiiosteum was stripped from the anterior half of the tibia 
for a distance of three inches and the oblique osteotomy of this bone was completed A 
half inch of lengthening was obtained 

Post Opel ative Notes — Lengthening was begun December 2, 1936, seven days after 
the completion of the second stage By December 13, lengthening was increased two 
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inches, which means that one and one-half inches had been gained in ii days It was 
noted that the fragments of the tibia tilted forward, and that this was reduced by flexion 
of the knee There W'as some persistence, however, of this tilting which prevented con- 
tact of the two fragments distally 

Final Result — At the present time, one year and lo months after operation, union of 
the fragments has taken place only at their upper halves 

Comment — The inferior extremity of the upper fragment failed to unite 
solidly to the lowei fiagment because of the separation of the fragments and of 
the extensive stiipping of the peiiosteum from the lower end of the upper 
fragment 

The patient is now walking with a caliper brace and she has good func- 
tion Thei e have been no complications of knee or foot, no internal bowing of 



Fig 2 (A, B, and C) — Case 3 Two and one half inches of shortening of the tibia and fibula 
and four inches of shortening of the femur Total shortening of six and one half inches Note 
closure of lower femoral and upper tibial epiphyseal lines with compensatory bowing of the fibula 
Calcaneous deformity of the foot 

the tibia and no indication of injury to the blood vessels or nerves A tendon 
tiansplant on the foot together with a minor bone grafting operation will fiee 
this patient from appaiatus 

Case 3 — M , male, age 13 Admitted, September 13, 1936 Referred by Dr 
Harold H Hitchcock, of Oakland 

Chief Complaint — Progressive shortening of the left leg over a period of ii years 

Histoiy — At the age of twm, the patient had tuberculosis of the left hip He was 
treated conservatively until the age of nine, when an arthrodesis of the hip was performed 
Following this, he sustained two fractures of the left tibia in the region of the knee, and 
he w'as supposed to have had an attack of acute anterior poliomyelitis affecting the left 
leg, time of onset unknown 

Physical Evaniination — The patient w^alks with crutches His left hip is fixed m 
40° of flexion, neutral as regards abduction, adduction and rotation There is a marked 
atrophy of the bones and muscles of this extremity and there is a calcaneous deformitj 
of the foot The measurements showed six and one-half inches of actual shortening of 
the left low’er extremity, four inches in the thigh and two and one-half inches m the 
leg The roentgenograms show'ed incomplete fusion of the left hip, marked shortening 
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of the e'.tremity and obliteration of the lower femoral and upper tibial epiphyseal lines 
There was a marked internal bowing of the tibia and a compensatory bowing of the 
fibula so that its middle portion was displaced behind the tibia (Fig 2 a, b and c) 

Opoatwns, Dcccmbct 15, aud Dcccmbo 22, — These were carried out m two 

stages In the first stage, the approach used was the same as that employed in Case 2 
At this time the fibula was sectioned obliquely together with freeing of the fibrous stiuc- 
tures At the second stage, the four-pin apparatus was applied and the tibia was osteoto- 
mized m a Z-shaped manner, as in Case i, through an extension of the posteromedial 
incision A half-inch gain was obtained 

Postopciatwc Notes — Lengthening was earned out for three weeks after completion 
of the second stage, when an inci easing equmus rendered subcutaneous tenotomy of the 
tendo achilhs necessary Lengthening was then continued and, at the end of 48 days, 
three inches had been gained There was good alignment and considerable formation of 
callus (Fig 3 a and b) 



Fig 3 (A and B) — Case 3 Anteroposterior and lateral mcms 48 days postopeiative showing 
three inches gain in length Mith good alignment and beginning formation of callus (C) — Seven 
months after operation uith restoration of the medullary canal of the tibia 


Subscqitcuf Conise — April 17, 1937 (Approximately seven months after operation) 
Roentgenograms show satisfactory length and alignment with union and restoration of 
the medullary canal (Fig 3 c) 

May 4, 1937 — The patient was readmitted He is now 14 years of age On this 
day, he slipped and fell, fracturing the femur at the upper margin of the plaster encase- 
ment which he was wearing for the protection of his osteotomized tibia and fibula 

Physical Examination — There was considerable swelling, ecchymosis and crepitus at 
the site of fracture Roentgenograms disclosed an irregular, transverse fracture at the 
middle third of the left femur The following plan of treatment was carried out 

May 5, 1937 — A Hoke traction spica was applied with a special leg lengthening 
apparatus incorporated 

May 12, 1937 — Through an oblique incision, the tendons of the rectus and vastus 
intermedius muscles were freed down to their insertions at the patella The rectus tendon 
was sectioned ]ust above the patella and turned upward The vastus lateralis and medialis 
were freed from the lateral aspects of the patella and from the intermedius tendon The 
intermedius muscle was then sectioned at the junction of its tendon and belly Tenotomy 
of the tendon adductor magnus at the level of the adductor tubercle and freeing of the 
tendon to the level of the lower part of Hunter’s canal liberated the origin of the lower 
part of the vastus medialis The rectus and intermedius tendons were sutured to each 
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Other with plenty of slack The insertions of the vastus lateralis and medialis were 
moved upward and sutured to the lateral margins of the intermedius and rectus tendons 
The site of the fracture was exposed and the periosteum stripped from the ends of the 
upper and lower fragments 



Fig 4 (A and B) — Case 3 Anteroposterior and lateral views 14 days after frac 
ture of the femur uith apparatus applied for lengthening (C and D) — Anteroposterior 
and lateral views, 20 days after fracture Note extensive formation of callus 


May 18, 1937 — Under general anesthesia, two, one-eighth inch pins were passed 
horizontally through the lower end of the femur, tension was applied and one-half inch 
gain secured Roentgenograms show traces of formation of callus (Fig 4 a and b) 

May 24, 1937 — Roentgenograms taken 20 days after fracture, and 12 days after 
operation, show increased formation of callus at the site of fracture (Fig 4 c and d) 

972 


Volume 110 
^uml)er C 


LENGTHENING OF TIBIA AND FIBULA 


May 26, 1937 — Two oblique pins were drilled through the cortices of the upper frag- 
ment, the projecting ends of which were fastened to the lateial bars of the traction 
apparatus This was done because the patient was rotating in his spica and there was 
insufficient counter traction 

June 10, 1937 — Roentgenograms showed massive foimation of callus and two inches 
of lengthening 

July 19, 1937 — Two and one-third inches of lengthening 

September 30, 1937 — Additional formation of callus and an increase in the size of 
the shaft of the femur (Fig 5 a and b) Total gain in length was five and one-third 
inches (Fig 5 c) At this time the patient had two inches of shortening 

Final Result — September 20, 193S Due to the patient’s having grown two inches 
during the past year, the measuiements now show nearly three inches of shortening We 



Fig s (A and B) — Case 3 Anteroposterior and lateral views five months after fracture 
showing extensive formation of callus with union Gain in length of two and one third inches 
Total gam m length of extremitj, five and one third inches (C) — Anteroposterior view eight 
months after fracture Note correction of alignment by formation of callus on the outer aspect 
of the lower end of the upper fragment 

made a mistake of not effecting an arrestment of the lower femoral and upper tibial 
epiphyses of the normal side A plaster of pans encasement has been worn since the 
last operation, which is now being changed to a brace 

Comment — Oui expeiience 111 this case laises a number of important 
points lelative to foimation of callus This patient had six and one-half inches 
of shortening which increased to eight and one-half inches through further 
growth By operative lengthening of the tibia, fibula and femur, five and 
one-thud inches weie gained The formation of callus in the femur was unusu- 
ally massive, and the question aiises as to whether or not this might be the 
outcome of pioceduies carried out during a critical period of new formation 
of bone It is interesting to observe that there was an inteival of seven days 
between the injuiy and opeiation, and a further period of six days between the 
operation and the commencement of lengthening We have asked ourselves 
the question, whether or not the trauma incident to the operation increased 
the production of callus at a stage when preosseous tissue was being formed, 
and furthermore, did the stimulation provided by traction incite a more rapid 
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and extensive prolifeiation in an alieady active osteogenic tissue^ The roent- 
genologic evidence was sufficiently suggestive to warrant, in a case of lengthen- 
ing presented latei m this communication, utilization of this possible critical 
period in bone formation 

In the following cases a new appaiatus was employed, the principles of 
which weie suggested by one of our associates, Di Francis E West 

Descuption of Appaiatus — ^This consists of the following parts (Fig 6 
a and b) 



Ob}ique pm apparatus (A) HaJf hoops with cur\ilinear notches, (B) 

Hollou telescoping segments, (C) Threaded tnction bar with nut and recoil spring (D) 

Clamps with adjustable cylinders for pins, (E) Stainless steel drill pins, (F) Telescop 
mg cylinders for support of control pins 

(A) Two half-hoops with curvilinear slots 

(B) Two hollow telescoping segments, each seven inches in length, equal 
m cross-section, inner segment being one-half inch wide and the outer nine- 
sixteenths of an inch wide 

(C) Four clamps with adjustable rotating cylinders to hold the trac- 
tion pins 

(D) A thieaded traction bar, 15 inches in length, one-quarter of an inch 
in diameter, with a recoil spring, three inches long 
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(E) Foul stainless steel dull pins, six inches long and one-eighth of an 
inch in diametei 

(F) Two telescoping cylindeis foi contiol pins 

In assembling the appai atiis, the hollow segments ai e telescoped over each 
othei The thieaded ti action bai with the lecoiled spimg is passed down then 
centeis and the ends aie fixed to the two half -hoops by nuts and sciews The 
foiii adjustable clamps aie now' attached to the tw'o half-hoops, two are placed 
so that then metal cyhndei s lie above and below' the metal hoops , the othei 
tw'o w'lth then cylinders he on the medial sui faces of the hoops 



Fig 6(b) — Oblique pm auparatus, assembled (A) Half hoops Mith curvilinear 
notches, (B) Rectangular telescoping segments, (C) Adjustable pin clamps, (D) Threaded 
bar with nut and recoil spring, (E) Four stainless steel pins 

Duimg the application, the appai atus is held over the anterior surface 
of the leg by an assistant The foui clamps with i otatmg cylinders are moved 
along the curvilinear notches m the half-hoops until the cylinders point in an 
oblique direction towaids the middle of the lateral and medial surfaces of 
the uppei and lower ends of the tibia The pins ai e then passed through the 
cylindeis and turned thiough the coiiespondmg coitices of the shaft of this 
bone All foui pins also pass through the posteiior coitex of the tibia With 
the pins engaged, the clamps holding the cylinders are fixed to the curvilinear 
notches in the half-hoops 

To secuie further control of the fiagments we have included in our illus- 
tiation telescoping cylindeis which may be attached to the outer segments 
of the upper and lower hoops on both sides of the leg To these cylinders, 
adjustable pins may be attached with their central ends set against the lateral 

975 



ABBOTT AND SAUNDERS 


Annals of Surgerj 
December las'J 


surfaces of the terminal portions of the upper and lower fragments of the tibia 
In Cases 4 and 5, with osteotomy of the tibia in the transverse plane, we 
employed a single control pm set against the anterior surface of the lower 
end of the upper fiagment We have not used control pins with the osteotomy 
of the tibia performed in the antei oposterior plane 

Case 4 — L B , male, age 16 Admitted, March 3, 1937 
Chief Complaint — Shortening of the right leg and deformity of the foot 
Hist Of y — Acute anterior poliomyelitis m 1931, with residual paralysis affecting the 
right leg His former treatment consisted of braces and physical therapy 

Physical Examination — There was atrophy of the right lower extremity with a mod- 
erate amount of power in the soleus, gastrocnemius and the extensor hallucis longus 
The foot was held in a position of valgus There were two and one-quarter inches of 
shortening with two inches confined to the tibia and fibula 

Fust Stage Opeiation — March 10, 1937 Through an anterolateral incision, the 
common peroneal nerve, popliteal and anterior tibial vessels were exposed The fibula 
was sectioned obliquely The posterior cortex of the tibia was sectioned transversely just 
below the lower end of the hnea poplitea At the outer extremity of this osteotomy a 
linear division was made at the cortex at the middle of the lateral surface of the tibia 
extending downward a distance of about three and one-half inches A plaster encase- 
ment was applied for support 

Second Stage Opciation — March 22, 1937 On reopening the lower portion of the 
operative wound, we discovered that there had been almost complete union of the soft part 
structures and fibula These tissues had to be separated a second time The oblique pins 
were inserted into the upper and lower ends of the tibia and the traction apparatus was 
applied With a power-saw, the osteotomy was completed by dividing the cortex of the 
medial surface of the tibia paralleling the cut made through the outer cortex of this bone 
at the first operation These linear cuts were joined below by a transverse division 
of the crest of the tibia A fifth pin was attached to the rectangular piece of the traction 
bar and fitted against the anterior aspect of the cortex of the uppei fragment The tendo 
achilhs was not lengthened 

Postopei ative Notes — Lengthening in this patient was gradually secured with the 
knee held in the flexed position A gam of one and three-quarter inches was recorded, 
with good alignment There was slight anterior tilting of the lower end of the upper 
fragment which was controlled by the fifth pin After the desired length was secured, 
extension of the knee was completed in 10 days The apparatus was removed 58 days 
after lengthening was begun, and a plaster encasement was applied for immobilization 

May 30, 1937 — A walking plaster encasement was applied The patient had full 
length, with union in excellent alignment, and there was a marked improvement m 
function The deformity of the foot was corrected, subsequent to the lengthening, 
by stabilization 

Case 5 — T F , male, age 15 Admitted, March 7, 1937 
Chief Complaint — Shortening of the right leg 

Histoiy — Anterior poliomyelitis at the age of three, with involvement of all four 
extremities There had been complete return in function except in the right lower 
extremity 

Physical Examination — There was a marked shortening, complete paralysis of this 
extremity and valgus deformity of the foot The shortening amounted to two and one- 
quarter inches, which was confined to the leg 

Opciation — March 9, 1937 The operation was performed m two stages in exactly 
the same manner as m Case 4 Again, there was a tendency for the lower end of the 
upper fragment to tilt forward and a fifth pin was used for control Alignment was then 
easily maintained A gam of two inches was secured There were no important com- 
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plications other than a slight sloughing at the entrance of the control pm, which cleaied 
up rapidly after the pm was removed The apparatus was taken off m two months 

Postopciativc Notes — June 15, 1937 The patient was wearing a walking plaster 
splint for protection Roentgenograms showed union, with good alignment, and a gam of 
two inches m length 

September i, 1938 — There was union with good alignment Function was markedly 
improved 

In Cases 4 and 5, there was a moderate anterior trltrng of the lower end of 
the ripper fragment of the trbia Tins was controlled m part by flexron of the 
knee, but complete contact of the fragments could only be marntarned by the 
use of a fifth prn W e must take rrito account, however , that the tendo achillis 
was not lengthened rn erther of these cases and was undoubtedly the cause of 
the forward trlting of the lower end of the upper fragment 

Further drssectrons have shown that the malalignment of the tibial frag- 
ments in the anteioposteiioi plane is caused by the tension thrown upon the 
intact gasti ocnemius muscle The soleus muscle plays no part in the produc- 
tion of this defoimity because its origin has been released Lengthening of 
the tendo achilhs is not sufficient to relax the gastrocnemius We have found 
the logical method to be the division of the tendon of the gasti ocnemius where 
it joins the tendon of the soleus The gasti ocnemius muscle is then rendered 
slack by the transplantation upward of its tendinous poition to the fascial 
surface on the posterior aspect of the soleus We have fixed this tendinous 
poition of the gasti ocnemius m its new position by silk sutuies and have 
reinfoiced the junction by using the tendon of the plantaiis as a living suture 
Another lesson learned from our experience with Cases 4 and 5, is that the 
interval separating the tuo stages of operation should not be longer than five 
01 SIX days If this period is exceeded, the tissues become firmly reattached 
and require a second separation 

In the next patient we tried to reproduce the same conditions for the forma- 
tion of bone as were present m Case 3 These did not exactly coincide, how- 
ever, because we did not strip the periosteum during the second stage of the 
procedure In analyzing the problem we planned a supplemental bone-grafting 
opeiation in case there was not sufficient formation of callus 

Case 6 — M D , female, age 18 Admitted, Octobei 17, 1937 
Chief Coviphint — Shoitening of the left lower extremity 

Hisfoiy — Acute anterior poliomyelitis at age two, with residual paralysis in the 
trunk, upper and lower extremities She had conservative treatment until ro years of 
age, when the left foot was stabilized In 1933, the tendo achillis was lengthened on the 
left side In 1935, she had corrective jackets and a fusion operation upon her spine At 
present, she complains of lack of balance due to shortening of the left lowei extremity 
The balance and gait were improved by a lift on the left shoe 

Physical Examination — There was extensive involvement of the muscles of all foui 
extremities and the trunk She valked with a bilateral gluteus medius gait She had 
difficulty in maintaining balance without a lift of one and one-half inches on the left shoe 
The gait was improved by walking on boards of the same height There was two inches 
of shortening, one and one-quartei inches being present in the leg 

Fust Stage Opeiation — October 20, 1937 Under general anesthesia, an oblique inci- 
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Sion was made through the skin and periosteum on the anterior surface of the left tibia 
at the junction of the upper and middle thirds The periosteum was stripped from the 
crest and the adjacent bone An oblique osteotomy, two inches in length, was performed 
with drill and osteotome A plaster encasement was applied 

Second Stage Opo atton — Octobei 26, 1937 A vertical incision was made on the 
posterior surface of the leg extending from the lower margin of the popliteal space to the 
junction of its lower and middle thirds After retraction of the lesser saphenous vein, the 
common peroneal and cutaneous neives, the two heads of the gastrocnemius were sepa- 
rated from each other down to their union with the tendinous portion of the soleus 
With the neurovascular bundle freed and retracted posteriorly, the origins of the soleus 
and the tibialis posterior weie reflected subpenosteally from the posterior aspect of the 
tibia and fibula and the fibrous arch between these two bones An oblique osteotomy was 
perfoimed through the neck and upper portion of the fibula The pophteus muscle was 
turned upward and an osteoperiosteal graft, two inches m length, was cut from the pos- 
terior surface of the upper fragment just above the osteotomy With lengthening, this 
graft would bridge the osteotomy The tendinous insertion of the gastrocnemius was 
transplanted upward a distance of two inches to the posterior aspect of the soleus 

November 4, 1937 — Under general anesthesia, the oblique pm apparatus was applied 
The upper pins were placed m the tibia while the lower pm was passed through the 
fibula and tibia A Mathews ware was then inserted in the os calcis The leg was sup- 
ported on an adjustable splint with the knee held m 45° of flexion With the lengthening, 
traction was also applied to the pm through the os calcis 

November 9, 1937 — There was a tilting forw'ard of the lower end of the upper frag- 
ment w'hich was controlled by placing a pm against its anterior cortex 

Postopoatwe Notes — December i6, 1937 Thirty-six days after the beginning of 
lengthening, tw'o inches had been gamed The alignment was satisfactory together wnth 
the formation of some callus The knee w'as being gradually extended with the lengthen- 
ing apparatus m position 

September i, 1938 — The gam 111 length of tw'O inches has been maintained with good 
alignment Sufficient callus did not form to insure union A bone graft was perfoimed 
at the site of the lengtliening operation in order to reinforce the callus The patient 
remains m the hospital and an end-result cannot be given at this time 

Appended is a desciiption, in detail, of the anatomic dissections which were 
employed In some instances these dissections weie carried out completely, 
and in otheis, only paitially We have also discussed a method of performing 
an osteotomy of the tibia in the veitical plane In our opinion, this type of oste- 
otomy provides for the maximum retention of the origin of muscles to the 
descending fragments with minimum sepaiation of the periosteum It also 
preserves the nutrient vessels of the tibia and fibula 

Descuphon of the Dissections in the Above Opeiation — Fust Stage The 
incision commences ovei the tendon of the biceps femoris on the posterolatei al 
aspect of the knee and is earned downward along the course of this tendon 
to the neck of the fibula Fiom thence it curves obliquely acioss the antero- 
lateial aspect of the leg to a point about one inch below the level of the tibial 
tubercle, theie, it follows the ciest of the tibia to the junction of the middle 
and lower thirds of the leg (Fig 7 a) In geneial, the incision follows the 
course of the common peioneal neive in its upper pait and the anteiior tibial 
vessels and nerve in their lorver parts The common pei oneal nerve is imme- 
diately exposed under cover of the medial bolder of the biceps tendon It is 
then traced to the lateral aspect of the neck of the fibula where it is firmly 
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bound down by fascial extensions fiom the biceps tendon to the deep fascia of 
the leg Incision of this fascia constitutes an impoitant step because it frees 
the nerve fi om its main point of fixation Flexion of the knee will now deni- 
onstiate a veiy consideiable laxity of the neive, amounting to as much as one 
and one-half niches The iieive can then be leadily followed to its division 
into thiee chief blanches, the uppei being the lecuiient aiticular, the inter- 
mediate, the deep peioneal and the lowei, the supeificial peioneal These 
blanches with then subdivisions aie now tiaced to their entiance into the 
muscles In dissecting this neive, it is well to look for the lateial cutaneous 
and the anastomotic pei oneal bi anches whei e they ai e given off the mam ti unk 



Fig 7 (c) — First stage Dissection carried posterior to the fibula vith exposure of nerves and 

vessels to soleus 


about two finger bieadths above the external condyle, eithei sepaiately oi fiom 
a patent tiunk The deep fascia is incised tiansveisely as fai laterally as the 
lessei saphenous vein, taking care to avoid injuiy to the cutaneous neives, « e , 
the lateral cutaneous neive of the calf and the anastomotic peioneal nerve 
(Fig yb) 

Behind the head and neck of the fibula, the dissection is carried to the 
lateral head of the gastrocnemius (Fig 7 c) This muscle is reti acted poste- 
iiorl}’-, exposing the origin of the soleus from the posterior aspect of the head 
and neck of the fibula Its nerve and vessel supply may be seen entering its 
supeificial surface near its upper border The plantaris muscle is identified 
deep to the medial margin of the lateral head of the gastrocnemius The 
plantaris is an important landmark since the junction of its belly and tendon 
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lies diiectly ovei the major vessels and neives These stiuctures should be 
caiefully fieed fiom the suiiounding tissues The popliteal aitery is found 
lying upon the popliteal muscle and at its infenoi bordei, and divides into the 
anterioi and postei lor tibial ai teries The finger is insei ted beneath the fibrous 
aich of the soleus and this muscle may be lifted backward while its origin 
IS reflected subpenosteally from the fibula In fieemg this muscle gieat care 
IS exercised to avoid injui}^ to its nerve supply and the anterior tibial vessels 
This IS the most ciitical and delicate stage of the dissection, as when the 
attachment of the soleus is leleased fiom the fibula, the anterior tibial vessels 
are exposed com sing foiwaid thiough the mtei osseous membrane At this 
point the dissection is cai i led on to the anterioi aspect of the upper end of the 



fibula The anterior and postei loi mteimusculai septa aie isolated and freely 
incised A cuived incision is also earned down to the bone across the head of 
the fibula and along the maigin of the attachment of the peroneus longus, 
extensor digitorum longus and the tibialis antei loi muscles to the lateral condyle 
of the tibia (Fig 7 d) These attachments aie deflected with a shaving of 
bone from the head of the fibula and the lateral condyle of the tibia As the 
muscles are turned forward and the common peroneal nerve lifted out of the 
way, the interosseous membrane is reached fiom its anterioi aspect The 
antei lor tibial vessels aie met with again m the extensor compartment The 
mtei osseous membrane and the tibialis posterior are separated from the 
upper end of the fibula The popliteal vessel can now be retracted freely 
backward because its divisions have been fieed at their points of fixation to 
the interosseous membiane and the fibrous arch of the soleus 

The next step is the division of the bone A special letractor is passed 
around the medial surface of the neck of the fibula to protect the blood vessels 
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and nerves The common peroneal neive is retracted upward and forward 
The fibula is sectioned obliquely by a saw cut or by drill and osteotome The 
osteotomy, about two and one-half inches in length, begins one-half inch 
below the tibiofibulai joint and extends downward and laterally With a saw, 
01 if the opeiatoi piefeis, a dull, a long oblique section is made through the 
outei coitex of the tibia This section begins about one-half inch below the 
apex of the aich and passes downwaid and giadually foiwaid upon the antero- 
lateial suiface of the tibia until it lies just below the tubeicle of the tibia and 
posteiioi to the ciest At this point, a veitical section of the bone is continued 
down to the level of the junction of the middle and lower thuds of the bone 
At the lowei end of this section, a tiansveise osteotomy is made through the 
ciest and coitex of the subcutaneous suiface of the tibia (Fig 7 e) 



Tic 8(a) — Dissection illustrating anatomic approach thioiigh posteromedial incision (second stage) 
Curailinear incision, posteromedial aspect of leg 

The filst stage is completed with sutuie of the detached oiigm of the 
muscles to the suiiounding tissues to obliteiate the dead space The anteiioi 
maigin of the peioneus longus and the lateial maigin of the soleus aie sutured 
to pi event contact of the common peioneal nerve with the fibula 

Second Stage — The lengthening appaiatus with the oblique pins is applied 
With the knee flexed to 30° and externally lotated, a curvilineai incision is 
made over the posteiomedial aspect of the calf It begins over the origin of 
the innei head of the gastiocnemius and ends at the junction of the middle 
and lowei thii ds of the leg whei e the tendons of the gastrocnemius and soleus 
meige to form the tendo achillis The summit of the convexity is placed one- 
half inch behind the medial bolder of the tibia This avoids injury to the 
gieatei saphenous vein and the saphenous neive (Fig 8 a) 

A few veins ai e ligated as they cross the wound m the subcutaneous tissue 
The deep fascia is incised along the line of the skin incision At the upper end 
of this fascial incision, a transverse division is made in the lateral direction 
through the deep fascia to the margin of the small saphenous vein This trans- 
verse division of the fascia meets with the transverse division of the fascia 
made 111 the first stage At the lower margin of the wound a similar transverse 
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Tig 8(c) — Second stige Osteotomy of tibi*i showing nutrient vessel 
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incision of the fascia is made in an anteiior direction until it meets the tians- 
veise division of the periosteum on the subcutaneous surface of the tibia at the 
level of the transverse osteotomy The fascial incisions of the first and second 
stages of opeiation, together with the division of the periosteum, complete an 
oblique ciicumfeiential section of the fascia and peiiosteum The tendon of 
the gastrocnemius is fi eed from the tendon of the soleus and sectioned obliquely 
(Fig 8 b) This tendon is then implanted into the soleus at a higher level 
The distance upwaid of this tiansplantation is equal to the amount of length 
desired Here, it is secui ed b)'’ silk sutui es which are reinforced by the tendon 
of the iilantaris, this being utilized as a living suture (Fig 8 d) With retrac- 
tion of the gasti ocnemius, the popliteal vessels and the tibial neives are freed 
to expose the oiigm of the muscles m the region of the fibious bony arch 
foimed by the upper ends of the tibia and fibula 

The soleus muscle is detached at its origin from the posterioi aspect and 
mtei nal boi der of the tibia, i emoving with it the superficial layer of the cortex 
(Fig 8 c and d) As this muscle is turned downwaid, caie should be taken 
not to injuie the popliteal vessels, the tibial nerve and the branches of supply 
to the soleus and the tibialis posterior The nuti lent vessels of the tibia, asso- 
ciated with the musculai branches of the soleus, are found entering the bone 
obliquely an inch oi two below the oblique popliteal line on the lateral side of 
the posterioi surface of the shaft The inseition of the popliteus is reflected 
upwai d from the oblique line sufficiently to expose the posterior border of the 
tibia as it ascends to the apex of the aich At this place, the origin of the 
tibialis posteiior and the attachment of the interosseous membrane are freed 
for a distance of one and one-half inches In this denuded aiea a special re- 
ti actor IS mseited piotectmg the mam vessels and nerves, while the bone is 
sectioned with a dull oi saw, beginning one-half inch below the tibiofibulai 
aich The osteotomy through the posterioi cortex parallels at fiist the oblique 
line and then passes down just lateral to the medial bordei of its shaft to 
the junction of the middle and lower thuds where it meets the posterior ex- 
tremity of the transveise osteotomy of the first stage of the operation (Fig 8 d) 
Caie IS taken to insuie that the fragments are free The extension apparatus 
IS now tightened until one can see a distinct separation of the fragments The 
wounds aie closed and the leg is supported in flexion 

Case 7 — P E , male, age i6 Admitted, December 27, 1937 
Chief Complaint — Shortening of the left leg 

Htsloi v — The patient had tuberculosis of the left hip at the age of two There were 
draining sinuses at the site of the infection He had an arthrodesis of the left hip Decem- 
ber 31, 1925 He had a second arthrodesis of the left hip April 13, 1929, and an osteotomy 
of the left femur November 3, 1932 The sinuses had stopped draining since August, 1932 
Physical Examination — The left hip was arthrodesed in a position of slight abduction 
There was about 20° flexion The knee was markedly unstable It presented about 10° 
valgus deformity which could be increased to 30° Flexion of the knee was possible to 
90° The knee could be completely extended There were four and one-half inches of 
shortening in the tibia and fibula and one-half inch of shortening m the femur 

Opeiations — December 31, 1937, and January 17, 1938 These were performed in two 
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stages The osteotomy of the tibia and fibula was performed in the anteroposterior plane 
as described above The oblique pin apparatus was applied 

Postopciahve Pfofcs — The lengthening process was begun lo days after the comple- 
tion of the second stage It was continued until February 21, 1938, when there was a gain 
of two and one-half inches 

March 10, 1938 — The apparatus was removed and a Mathews wire was passed 
through the os calcis The ends of this wire were incoiporated m a plaster encasement 
which extended from the toes to the groin He was discharged Api il 29, 1938 


Comment — The patient was examined at inteivals, and at the time of his 
last examination, Octobei g, 1938, he was beaimg weight with the aid of a 
plaster encasement foi piotection Theie was good alignment with bony 
union and a gam of two and one-half inches 
in length Theie w'as no defoimity of the 
foot or ankle and the taisal joints had fiee 
motion in all diiections He had excellent 
poiver in the muscles ivhose 01 igins wei e fi eed 

(Fig 9) 

This case demonsti ates that the fieeing of 
the origins of the muscles to peimit adequate 
lengthening does not mteifeie wutli the letain- 
ing of then functions The absence of de- 
foimity of the foot, ankle and at the site of 
osteotomy was a stiikmg featuie 111 this case 

Postopoative Lengthening — The length- 
ening process is earned out m much the same 
mannei as desciibed in eaiher publications 
Our expel lence has shown that one-sixteenth 
of an inch of length pei day can be gamed 
ivith little discomfort to the patient In a fe\v 
instances, we have inci eased the late of length- 
ening to one-eighth of an inch per day and, in 
one case, gained one and one-half inches in 20 
days We do not recommend this manner of lapid lengthening, howevei, be- 
cause it geneially causes considerable pain Daily measuiements aie lecoided 
and 1 oeiitgenogi ams aie taken at inteivals to check the position of the frag- 
ments and the amount of callus which has formed Usually, sufficient callus 
has developed m 10 to 12 weeks to peimit giadual extension of the knee 
In some cases w^e have used a supporting splint which w^as devised by oui 
instrument and bi ace-maker, Mr August Kein, which adequately supports 
and allow’s minute adjustments during the lengthening and during the gradual 
extension of the knee When the knee has been completely extended, the 
apparatus is lemoved and the leg is immobilized in a plaster encasement which 
extends from the toes to the groin Weight-bearing with support is generally 
allow'ed in four or five months To lessen the chances of fracture, w'e have 
insisted on the use of a protective weight-bearing appliance until the callus is 
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completely formed with restoration of the medullary canal, a period usually 
of nine to 12 months 


SUMMARY AND CONCLUSIONS 

The writeis have desciibed a technic of operation for lengthening of the 
tibia and fibula which is based on new principles 

(1) These principles involve complete division of the deep fascia of the 
leg, the intermuscular septa and the interosseous membrane, as well as the 
freeing of all of the impoitant blood vessels and nerves at the upper portion 
of the leg 

(2) Special osteotomies have been devised, which provide for retention of 
the maximum poition of the oiigin of the muscles which pass from the leg to 
the foot and permit them to ti avel downward with the descending fragments 

(3) Incisions provide for freeing the blood vessels and nerves from their 
points of fixation, thus peimittmg relaxation of these stiuctures during the 
lengthening The operation also piovides for the preservation of the nutrient 
vessels of the tibia and fibula, and with the minimum reflection of the perios- 
teum there is but little disturbance of the blood supply to these bones 

(4) A new appaiatus has been developed which we believe will give bettei 
control of the fragments, and offer less chance of infection of the pin wounds 

(5) Our recent operations compiise seven cases, all of which have been 
handled in a somewhat diffeient mannei 

(6) As a result of our practical expeiience, w^e feel that the operation 
is based on sound principles, all designed to avoid complications which are 
certain to occur in some instances with the previous methods described 

(7) In the seven cases studied with the new^er methods which we have 
devised, the anteiior tilting of the upper fiagment has been decidedly less 
marked and we believe it wall be entiiely controlled b}'^ flexion of the knee 
togethei wath the recent method of transplantation of the gastrocnemius 
tendon The internal bowing of the fiagments of the tibia and the defoimities 
of the knee and foot have been almost entnely eliminated No important 
changes have been noted wdiich could be attributed to injury to the blood 
vessels or nerves 

(8) We emphasize that the operation of leg lengthening is and in all 
probability ahvays will be, a major undertaking wath the possibility of serious 
complications The procedure demands an intimate knowdedge of anatomy, 
a careful study of eveij'- stage of the operation and postoperative care We 
believe that this is not an opei ation foi the uninitiated and should be reserved 
for those wdiose experience lenders them competent to perform this technicall)" 
difficult and delicate pi ocedui e In its present stage of development, no final 
conclusions are offered We would adiase, however, that no one should 
attempt it without carefully reviewang eveiy detail of our wmik and then sup- 
plementing it wath a thorough anatomic study 

(9) In the beginning of our woik on bone lengthening, we designed 
procedures w^hich were conservative in character Recently, w^e have carried 
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out more ladical opeiations to avoid complications which aiose with these 
methods We aie convinced that with fuithei study and experience, a middle 
course will be found which will swing the pendulum again towaid conservatism 
but at the same time will peimit the attainment of the objectives desiied 
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Table II 

PATHOLOGIC CONDITIONS ASSOCIATED WITH LENGTHENING OF AN EXTREMITY 

(A) Congenital Conditions 

(1) Hemihypertrophy 

(2) Arteriovenous aneurysm 

(3) Recurring hemarthrosis in hemophilia 

(B) Infections 

(1) Tuberculosis of knee (low grade) 

(2) Chronic osteomyelitis of femur or tibia 

(3) Chrome soft tissue infection 

(4) Syphilis 

(5) Femoral or iliac thrombosis 

(6) Elephantiasis 

(C) Tumors 

(1) Giant cell tumor 

(2) Osteitis fibrosa cystica (diffuse unilateral type) 

(3) Neurofibromatosis (von Recklinghausen) 

(4) Hemangioma or lymphangioma 

(5) Large nevi 

(D) Trauma 

(1) Fracture of femur 

(2) Removal of bone graft from tibia 

(3) Extensive periosteal stripping 

Ollier/® in 1867, noted that irritation of the shaft of a bone produced ac- 
celeration in the rate of growth, and Kishikawa**® found that ligation of the 
femoral vein, or injection of oil of turpentine into the mairow cavity, caused 
slight but definite increase in the growth rate Meisenbach,^® Bohlman^® and 
otheis inserted numerous foreign materials into the region of the epiphyseal 
caitilage with the object of producing more rapid bone giowth through local 
irritation However, most of these substances caused retardation, and none 
of them accomplished the desired result When the material inserted was 
definitely irritating or caustic there was often complete disappeaiance of the 
epiphyseal line Brooks^® found that small doses of roentgen ray (2 to 5 
cent S E D ) caused no stimulation The most successful experiments were 
those of Wu and Miltner,®- who produced an increase of 5 to 15 per cent in 
the giowth rate of the extremities of young animals by extensive periosteal 
stripping 

Increased longitudinal growth following fracture of a growing bone has 
been noted clinically and expei imentally It cannot be considered com- 
pensatory as it commonly occurs even though there is no shortening due to 
the fracture Ferguson®^ believed that the interruption of the metaphyseal 
blood supply with resulting hyperemia 111 the epiphyseal region was the cause 
of this increased growth rate Based upon this assumption, stimulation of 
growth was attempted in a number of patients by drilling the cortex near the 
epiphysis and curetting across the marrow cavity A gam of one-twelfth 
to one-eighth of an inch was reported three to five months after operation 

Wu and Miltner,®- and Compere and Adams^'^ were unable to produce, ex- 
perimentally, any stimulation of bone growth by the method advocated by 
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Ferguson Brockway Chandler ,^3 and Compere and Adams observed defi- 
nitely increased growth in noimal tibiae from which a graft had been re- 
moved The lattei two, aftei an extensive expeiimental and clinical study, 
concluded that gross trauma involving a considerable portion of a long bone 
and leqtiiiing a lengthy peiiod of repair was the inciting factor In their 
opinion the inci eased giowth rate was directly associated with the local 
hypeiemia and continued only during the peiiod of increased vascularity 

The pioblem of pioducing an increased blood supply over a piolonged 
peiiod piesents gieat difficulties Lumbai sympathectomy apparently ac- 
complishes this bettei than any local procedure yet devised Although the 
experimental attempts to stimulate giowth by lumbar sympathectomy in 
animals have been unifoimly unsuccessful, in childien it is known to produce 
a lasting hypeiemia, and many of these patients show definite gam in the 
rate of giowth on the opeiated side Stewait^® noted one-half of an inch 
lengthening in two out of six patients who had had unilateral sympathectomy 
foi spastic hemiplegia Hairis and McDonald^® reported increased growth of 
one-half to one inch m thiee patients upon whom unilateial sympathectomy 
had been peifoimed for Hirschspiung’s disease 

These authois examined 46 out of 100 patients with poliomyelitis, who 
had had unilateral lumbai sympathectomy to improve circulation and stimu- 
late growth They stated that there was always some increase m the growth 
late In 21 of these, the impioved vasculaiity lesulted in a decrease in the 
discrepancy between the two extiemities This decrease amounted to one 
inch in two instances, three-quarteis of an inch in four, and m the other 15 
It was one-half of an inch 01 less In eight, the hyperemia was sufficient to 
prevent any further increase 111 discrepancy In 17, the discrepancy between 
the two extiemities inci eased, but less lapidly than before the operation 
According to these authois there is a basic rate of giowth which in normal 
legs is stimulated by noimal muscle activity and a normal blood supply Sym- 
pathectomy improves only the lattei and is not very effective in a severely 
paralyzed extremity Theie are probably other factors such as diminished 
weight bearing which influence the leg growth after paralysis It is even 
possible that there is a direct contiol of growth by special cells in the central 
nervous system, and that these, as Avell as the anterior horn cells, are affected 
by the vii us of poliomyelitis 

Although lumbai sympathectomy may produce a prolonged hyperemia 
and is well woith while for the lelief of chilblain and pain associated with 
pool circulation, the increase m growth is too little and too inconstant to 
recommend it as a method of equalizing leg lengths 

At the Hospital for Ruptuied and Ciippled, a small number of paralytic 
cases have been tieated with diatheimy to the epiphyses about the knee of 
the shorter extremity In several instances there has been no further in- 
ci ease 111 the disci epancy betiveen the two legs Even if these treatments 
could be given dail} or twice daily foi a period of years, one uould hardly 
expect as much impiovement as fiom lumbar sympathectomy We must, 
therefore, conclude that attempts to stimulate epiph}seal growth have not 
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been successful enough up to this time to wan ant their clinical application 

(2) Retmdahon of Grozuth m the Longer Extremity — Diminution or 
complete cessation of longitudinal giowth occurs even more commonly than 
increased growth The same abnormal conditions which cause stimulation 
frequently cause retaidation, especially if the pathologic process actually in- 
volves the epiphyseal line Any lesion associated with diminished circulation 
01 gross tiauma to the region of the glowing caitilage disk is apt to produce 
partial oi complete aiiest of giowth (Table III) Uneven giowth with 
angulai deformity is even moie seiious than uniform shortening 

Table III 

PATHOLOGIC CONDITIONS ASSOCIATED WITH SHORTENING OF AN EXTREMITY 

(A) Congenital Conditions 

(1) Unreduced congenital dislocation of hip 

(2) Congenital absence or partial absence of a long bone 

(3) Congenital hemiatrophy 

(4) Chondrodysplasia 

(5) Other congenital anomalies 

(B) Infections 

(1) Poliomyelitis 

(2) Tuberculosis of hip or knee 

(3) Suppurative arthntis of hip, knee, or ankle 

(4) Osteomyelitis of femur or tibia 

(C) Tumors 

(1) Osteitis fibrosa cystica (diffuse type) 

(2) Osteochondroma 

(3) Giant cell tumors 

(4) Other tumors 

(D) Trauma 

(1) Slipping of upper femoral epiphysis 

(2) Other epiphyseal separations 

(3) Fractures involving epiphyseal cartilage disks 

(4) Operative trauma to epiphysis 

(5) Roentgenotherapy for conditions near the epiphyseal line 

(6) Malunited fractures 

Although short extremities and giowth defoimities of the hones have been 
observed for years, Phemister'^^ was the fiist intentionally to limit longitudinal 
bone growth by surgical means He described a simple piocedure which con- 
sisted of removing small bone grafts from each side of the lower end of the 
femur or the uppei end of the tibia These weie taken largely from the 
diaphysis but extended just acioss the epiphyseal line The epiphyseal 
cartilage plate was exposed by this lemoval and a laige area of it curetted 
The grafts weie turned end-foi-end and remseited across the epiphyseal 
line No postopei ative support was required Compere-^ stated that this opera- 
tion had been perfoimed in moie than loo cases at the University of Chicago 
Clinics, without complications 

Brooks^® and others have shown that proliferation of the cartilage cells of 
the epipltyseal line can be delayed oi even completely inhibited by exposure 
to roentgen rays No attempt has been made to apply this method clinically, 
as serious damage to the adjacent aiticular structures is almost inevitable 
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Many of the attempts to stimulate bone giowth, contraiy to expectations, 
pioduced letardation oi even complete cessation, and it is possible that some 
method of epiphyseal aiiest, even simplei than that of Phemistei, may yet be 
evolved 


Although late defoimities have not been lepoited, 
we have encounteied thiee patients opeiated upon ac- 
coi ding to Phemister’s technic who developed disalign- 
ment at the knee sufficient to lequiie opeiative collec- 
tion In expeiimental animals, attempts to aiiest 
giowth by his and othei methods frequently lesulted 
in seveie lateial deformity In a senes of 25 rabbits, 
we weie able to produce unifoim and complete aiiest 
of growth only when a consideiable pait of each side 
of the caitilage disk was lemoved and the lemaimng 
cells in this aiea destroyed by electiical cautei ization 
(Fig I ) With this combined pioceduie complete ces- 
sation of giowth occuried eithei with 01 without the 
coitical giaft acioss the epiphyseal line 

At the Hospital foi the Ruptuied and Ciippled, 
duiing the past four yeais, 34 operations foi the le- 
taidation of growth have been peifoimed upon 30 



Fig 1 — Rnbbit bones 
"iftei epiplnseal fusion on 
right, showing nniount of 
shoi telling obtained 


patients, with no infections and no postopeiative defoimities 01 othei com- 


plications The essential points of the technic aie (Fig 2) 



(1) The medial and lateial sides of 
the lower end of the femur or upper end 
of the tibia and fibula aie exposed thiough 
sepal ate incisions 

(2) Bone giafts, about 1x4 cm m 
size, aie lemoved fiom the diaphysis 
These extend as far as, but not acioss, 
the epiphyseal cartilage plate 

(3) A large area fiom both the medial 
and lateial aspects of the caitilage disk is 
1 emoved with a chisel 01 cui et 

(4) The curetted aiea is cautei ized 
with the diatheimy cautery 

(5) The giafts aie replaced, countei- 
sunk beneath the cortex of the diaphysis, 
and diiven across the epiphyseal line into 
the cancellous bone of the epiphysis 

Moie difficult than the actual technical 
proceduie is the decision as to when the 


for epfphj^s.'; 5 ?sfs^‘“TAf 3X0 opciatioii sliould be peifoimed and which 

cCllted nnd cal.'tmzed Tcf l^^acemem CpiphyseS sllOUld be fused Dlgby,”'® 

seai\n”**' determined the propoitional 
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growth at the various epiphyseal lines and his estimations have been confirmed 
by subsequent clinical observations Complicated methods for determining the 
optimum age for opeiation have been propounded, based upon the average 
height, leg length, and growth rate at various ages The authors feel that each 
patient must be considered individually and decision made upon the basis of 
previous rate of giowth and expected growth in the extremities as well as age, 
height and leg lengths Measurements of the patient’s family are also of defi- 
nite assistance With these considerations in view, and the fact that piactically 
all adults are between five and six feet in height, with a leg length of 30 to 38 
inches, it is possible to ai rive, with a fan degree of accuracy, at a figure which 
will represent the expected length of the longer extiemity at maturity Sub- 
tracting the present leg length from this figure gives the expected amount of 
growth m this leg if no tieatment is undei taken As attempts to estimate the 
growth in the femur and tibia separately only make the problem more compli- 
cated, the figures of Digby have been adjusted to apply to total leg length For 
all practical purposes the figures shown m Table IV aie sufficiently accurate 


Table IV 


APPROXIMATE PROPORTIONAL GROWTH AT THE 
EPIPHYSES or THE LOWER EXTREMITY 


Upper femoral epiphysis 

15% 

Lower femoral epiphysis 

35% 

Upper tibial epiphysis 

30% 

Lower tibial epiphysis 

20% 


thus 


= per cent of growth to be eliminated, for ex- 


The expected discrepancy can be estimated if records of the leg lengths over 
a period of years are available If the disci epancy has not been increasing with 
growth, the present discrepancy equals the expected discrepancy If the rate 
of growth m the longer leg has been greater than in the shorter extremity, the 
discrepancy will continue to increase proportionately 

If the expected discrepancy is divided by the expected growth in the longer 
extremity, the proportion of growth which should be eliminated is obtained, 

expected discrepancy 

expected growth 

ample — (i) If this propoition is less than 25 per cent, operative treatment 
should be delayed, (2) if it is between 25 and 60 per cent, growth should be 
arrested at the upper femoral or upper tibial and fibular epiphyses , (3) if it is 
more than 60 per cent, all the epiphyses at the knee should be fused , (4) if it 
IS more than 70 per cent, complete equalization of leg length by this means 
cannot be obtained 

If the patient is under ten years of age the arrest of growth at a single 
epiphysis is preferred and is often sufficient If the patient grows less than 
was anticipated and some discrepancy persists, another epiphysis can be fused 
a year or two later If only a moderate retardation of growth seems indicated 
the decision as to whether the operation should be performed above or below 
the knee depends upon wdiether the shortening in the opposite extremity is 
greater in the thigh or lower leg 
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It IS impossible to report end-results m these cases until giowth is com- 
plete, 14 patients, however, avei aging 12)4 3’'eais at the time of opeiation, 
have been observed from one to four yeais later Seven of these showed a 
lessening in disci epancy of one to one and thiee-quaiteis inches In three, 
the decrease was one-half to one inch In two, the difference between the two 
legs remained the same, while 111 two, the discrepancy increased slightly 
despite the operation Epiphyseal-diaphyseal fusion was accomplished m all 
cases, and even in those wheie no equalization of leg length was obtained a 
lapidly progressive disci epancy was ai rested 

ILLUSTRATIVE CASE REPORTS 

Case I — F B , male, age 14 Dtaguosis Poliomyelitis in 1924, at the age of one 
year , resulting in a severe paralysis and marked shortening of the left leg 


Preoperahve Measurements 


Date 

Age 

R Leg 

L Leg 

Difference 

3-6-29 

5 yrs 

22 ins 

20^ ins 

— 1 ins 

12-5-34 

10 yrs 

2934 ins 

26K ins 

-3 ms 

2 - 5-35 

II yrs 

30 ms 

27 ms 

-3 ms 

3 - 8-37 

I3yrs> 

34l4 ins 

3134 ms 

-3 ins 


Although the patient had already reached the age of 13, he was still growing 
rapidly, and as his family were also tall, the noimal leg without treatment would prob- 
ably grow three inches or even four inches more If the present discrepancy of three 
inches is divided by the expected growth it is found that 75 to 100 per cent of this 
growth should be eliminated On March 10, 1937, growth was arrested at the epiphyses 
of the lower end of the right femur and the upper end of the right tibia and fibula 



Fig 3 — Case r B Views of knee 19 months after operatne arrest of growth at 
the lower end of femur and upper end of tibia and fibula During this period, the dis 
crepancj in length decreased two and one half inches 
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Postoperative Measurements 


Date 

Age 

R Leg 

L Leg 

Difference 

9-15-37 

13 yrs 

34^4: ms 

31 K ms 

-3K ins 

3-15-38 

14 yrs 

34l^ ins 

32 K ms 

—2 ms 

10-18-38 

14 yrs 

351^ ins 

34K ins 

—I in 


After operation, the shorter leg grew three and one-quartei inches, while the longer 
one grew only one and one-quaiter inches, showing that growth in the normal leg had 
been reduced at least 6o per cent 

Case 2 — J M , female, age 12 Diagnosis Poliomyelitis in 1927, at the age of one 
year , resulting 111 an extensive paralysis of the left leg 


Preopeiattve Measurements 


Date 

Age 

R Leg 

L Leg 

Difference 

9- 1-27 

I yr 

13^^ ms 

13X ms 

None 

9-25-31 

5 yrs 

20}^ ms 

19 ms 

- 1 X ms 

10-25-34 

8 yrs 

2 y }4 ms 

25 X ms 

—2 ms 

5-19-36 

10 yrs 

281^ ms 

26X ms 

—2 ms 

The patient’s family were all rather short and although the patient was only age 10, 

she was well developed It 

was evident that the normal leg without treatment would 

not grow 

more than six inches more Dividing the disci epancy of two inches by the 

expected growth showed that at least 33 per cent of this should be eliminated 

On May 20, 

1936. an 

operation for arrest of growth was performed at the lower end of the right 

femur 


Posloperahve Measurements 



Date 

Age 

R Leg 

L Leg 

Difference 

10- 2-36 

10 yrs 

28J4’ ms 

26X ms 

—2 ins 

2-26-37 

II yrs 

28f^ ms 

27X ms 

-iX ms 

1-29-38 

12 yrs 

ZoH ms 

29 ins 

- 1 X ms 

Although growth m the 

right leg had been retarded, 

there was still a 

discrepancy 

of one and one-quarter inches to be overcome Operative fusion of the epiphyses of 

the upper 

end of the tibia and fibula was perfoimed on February 16, 1938 




Postoperative Measurements 



Date 

Age 

R Leg 

L Leg 

Difference 

5 -1-38 

12 yrs 

30^ ms 

29X ms 

-iX ms 

9-23-38 

12 yrs 

31 X ms 

30X ms 

-I in 

12-30-38 

13 yrs 

32 ins 

31 X ms 

- Xm 


As a result of operations, the growth in the normal extremity has been re- 
duced to three and one-half inches while the short, paralyzed leg was increasing five 
inches m length 


Review of the published lepoits and of oui own cases leads us to conclude 
that destruction of the epiphyseal caitilage by opeiation at the lower end of 
the femur and/or the uppei ends of the tibia and fibula is a simple and safe 
method of retarding growth It is to be lecommended as an effective means 
of equalizing leg length duimg the gi owing peiiod 

II Surgical Reconstruction — (i) Bone Lengthening Opeiations 
Codivilla was the fii st to devise a method foi lengthening a long bone, as well 
as the first to employ the piinciple of direct skeletal ti action In 1905, he re- 
ported 22 cases, chiefly malumted fractuies, in which he had performed an 
oblique osteotomy and applied traction by means of a pm inserted into the os 
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cakis He had increased the length by fiom 3 to 8 cm A film anatomic 
foundation for bone lengthening was laid by Magnuson/^ m 1908, when he 
repoited the results of experiments in animals which demonstiated that opeia- 
tive lengthening of a noimal extiemity could be peifoimed without inteifeimg 
with the blood supply or neive function 

Putti, in 1921/^ leported a method for the opeiative lengthening of the 
femur, and was the fiist to make use of the pimciple of skeletal disti action 
He first peifoimed a long oblique osteotomy of the femoial shaft and then 
applied an appaiatus consisting of two pins which were inseited fiom the 
lateral suiface, one into the femoial condyles and the othei into the greatei 



tlG 4 — Case J M Roentgenogram taken 21 months alter epiphysiodesis at right 
distal femoral epiphysis Complete fusion has been obtained tvith three fourths inch 
correction of discrepancy of length 


trochanter, and of a telescoping side-bar which was securely fastened to 
the piotruding ends of the pins and could be gradually lengthened by tuinmg 
up a SCI ew -till ead Putti’ s method was tiied by othei suigeons but nevei 
became populai because of difficulty in controlling the alignment of the fiag- 
ments 

It lemained for L C Abbott^ to devise a method which put leg length- 
ening on a piactical basis He selected the tibia and fibula as the ideal site 
for lengthening and aftei pieliminary lengthening of the tendo aclullis and 
oblique division of the shaft of the fibula, he perfoinied a tongue and groove 
osteotomy of the shaft of the tibia, the tongue being long enough to oveilap 
the othei fragment aftei the desired lengthening had been obtained Pins 
were passed through the uppei and lowei ends of the tibia and their project- 
ing ends fixed to rigid, telescoping side-bars on both sides of the leg, the 
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apparatus when assembled forming a rigid unit and serving as a support for 
the extremity Lengthening of appi oximately one-eighth of an inch a day 
was obtained by turning up screws until the desired amount was gained 
Abbott published the first report of his method in 1927, and it was immediately 
adopted by other surgeons He later modified it by employing four pins, 
two m each fiagment to obtain better control of alignment Other surgeons 
have devised ingenious modifications of his apparatus, but one and all have 
employed the same basic principles 

Lengthening of the femur presents moie of a problem than that of the 
bones of the leg, owing chiefly to its deeper situation and stronger muscle 
attachments which make the control of alignment of the fragments after 
osteotomy more difficult Abbott and Crego,^ m 1928, described a method 
with one pm mseited through the condylar region and a second pin passed 
obliquely downward from the anteiomesial aspect of the thigh through the 
upper third of the shaft and emeiging at the posterolateral surface By means 
of appiopriate apparatus attached to the ends of the pins and also supporting 
the leg, lengthening was obtained gradually This method proved too difficult, 
however, and never became populai Modifications have been tried and 
femoral lengthenings are still undei taken, but then number m proportion to 
lengthenings of the lower leg is lelatively small 

From this biief review it will be seen that moie than ten years’ experience 
with leg lengthening operations has accumulated, and a fairly accurate evalua- 
tion of the procedures can now be made 

A survey of the literature revealed 1 eports by 1 1 different authoi s of their 
experience with leg lengthening operations Of these, 224 were of the tibia 
and fibula and 46 of the femur Lengthening was obtained in all but seven 
cases, regardless of complications Average reported gains varied from i 9 
to 2 25 inches The maximum amount gained from lengthening of one bone 
was 3 5 inches, but by combined lengthening of the femur and tibia m dif- 
ferent stages, as much as 4 5 inches was obtained 

Numerous complications weie reported and appeared to be of sufficient 
frequency and gravity to warrant careful consideration (Table V) Of these, 
the most disturbing was postoperative infection, which occurred in 22 out 
of 270 cases, an incidence of 8 per cent Since several of the authoi s did not 
report their complications m detail, it is probable that this figure should be even 
higher While it is impossible in this group of cases to separate the infections 
involving the site of osteotomy, and which were of major significance, from 
those that were confined to the pm wounds, of only local importance, it is evi- 
dent that the former occurred entiiely too frequently for comfort and are 
the natural consequences of a procedure that necessitates extensive exposure 
and traumatization of bone It is important to point out, however, that only 
one death was reported m the entire series and aside from this case there were 
no amputations 

Without doubt, the tendency after tibial lengthening for the fragments to 
angulate anteriorly, and either protrude directly through the wound or cause 
necrosis of overlying skin with exposure of the bone, contributed to the high 
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incidence of infection This difficulty was encountered moi e frequently in the 
eaily expeiience and was laigely overcome by the intioduction of the four pm 
method 

Among the other complications reported were fracture of the osteotomy 
tongue in some instances of tibial lengthening, and separ ation of the fragments 
after feinoial lengthening These conditions resulted rn delayed union when 
allowed to persist but weie generally corrected by secondary operation with 
insertion of bone grafts to budge gaps between the fragments and secure union 
Callus formation and bone healing were delayed in some cases even when there 
was good approximation of fragments, and seveial instances of nonunion were 
reported for which bone grafting operations were necessary Late fractures 
through the site of the healed osteotomy were not uncommon, as shown by 
Abbott’s report of seven such complications out of 25 femoral lengthenings 
and occasional mention of similar experiences by other authors after tibial 
lengthening Nonunion followed some of these fractures 

Table VI 

LEG LENGTHENING OPERATIONS AT THE HOSPITAL TOR RUPTURED AND CRIPPLED 




Short- 

Length- 

ening 


Result at Last 

Case 

Diagnosis 

ening 

Obtained 

Complications 

Visit 

L S 

Polio 

4 ins 

2yi ms 

Tilting, projection of fragments, 
osteomyelitis, compound fracture, 
bone graft, refracture, amputa- 
tion of leg 

4 years later 
Poor 

E W 

Old epi- 
physitis 

I yi ins 
Femur 

I in 

Tilting of fragments 

Not known 

P M 

Polio 

iy£ ins 

2}4 ins 

Slough, projection of fragments, 
osteomyelitis 

3 years later 
Poor 

M H 

Polio 

I K ins 

Lengths 

equal 

None 

5 years later 
Good 

H N 

Cong 

shortening 
of femur 

4 ins 
Femur 

I m 

Secondary hemorrhage, infection, 
loss of peroneal nerve supply 

4 years later 

Paralysis 

persists 

S G 

Polio 

31ns 

2^2 ms 

None 

4 years later 
Fair 

M B 

Old epi- 
physitis 

ms 

1 0 ms 

Protrusion of tibial fragment 
through wound 

7 years later 
Good 

P D 

Polio 

ins 

2>^ ms 

None 

6 years later 
Good 

K C 

Polio 

3 ^ ins 

2 ms 

Slough, exposure of bone 

3 years later 
Fair 

E F 

Polio 

aN ms 

I m 

Slough, protrusion of fragment 

I ^ years 
later Fair 

T L 

Polio 

lyi ms 

2^2 ms 

Displaced epiphysis and over- 
lengthened leg 

3 years later 
Good Equal 
length 

A B 

Polio 

2 ms 

I N ins 

Nonunion Bone graft 

4 years later 
Good 

A M 

Polio 

3 ins 

2J4 ms 

Slight infection about pins 

5 years later 
Result good 
Short leg 
in longer 
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Othei common complications were neive paialysis and muscle contractuie 
The nerve most fiequently injuied Avas the common peioneal, giving rise to 
equinovarus deformity of the foot Foot deformity was also frequently pro- 
duced by uneven tension of muscles following elongation of the bones The 
rigidity of some of these contractuies was so great that some basis was 
afforded foi the view that they might be of ischemic oiigm 

At the Hospital foi the Ruptured and Ciippled, ii operations to lengthen 
the tibia and fibula rveie peifoimed and two to lengthen the femui (Table VI) 
The lesults were consideied good in six, with an aveiage lengthening of two 
inches , fair in foui , pool m two and unknown in one The most common 
complication aftei tibial lengthening was anteiioi protiusion of the fiagments, 
which led to exposuie of the bone m six cases There weie two cases of non- 
union of the tibia Union rvas obtained m one, following a bone giaft, but 
the othei was complicated by bone infection, and when last seen this patient 
was still walking with a cahpei biace 

That end-results of bone lengthening opeiations should not be judged too 
eaily is shown by the following case repoit 

Case Report — L S , white, male, age 22, was admitted to Hospital foi the Rup- 
tured and Crippled m Januaiy, 1934, with a history of poliomyelitis at the age of one 
jear, with resulting weakness of the right lowei extremity Examination showed flexor 
power of the hip weak, extensor power fair, abduction absent, quadriceps muscles poor, 
biceps strong, but other hamstring muscles weak, very little power in the soleus- 
gastrocnemius group, tibialis posticus muscle weak, the other muscles controlling the 
foot good There was a four inch shortening of the light leg and an operation to lengthen 
the lower leg was advised 

Opciatwn — Februaiy i, 1934 Lengthening of tibia and fibula by the Abbott method 
and application of four pm extension apparatus 

Subsequent Com sc — The patient made a good immediate recovery The leg was 
gradually lengthened and by February 26, 1934, a gain of tvo and one-quarter inches had 
been obtained, which was considered sufficient Six weeks after operation, a small area 
in the operative scat broke down and discharged a small amount of seropurulent ma- 
terial The drainage quickly ceased, there was good callus formation and union seemed 
solid The pins were removed and a plaster encasement applied This was changed 
at the end of four months, at which time some drainage from the operative area was 
found and there was a small piece of bone exposed in the wound Tlie patient was 
discharged to the out-patient department on crutches with the leg in plaster This 
was removed January 4, 1935, and a brace fitted The wound was still draining and 
bone surface was exposed Measurement showed the left leg onl} three-quarters of an 
inch longer than the right 

The patient was readmitted ]\Iay 20, 1936, for muscle transplantations of the right 
thigh and hip, at which time the scar o\er the tibia was healed and there seemed to be 
firm union He was still wearing a brace but chicfl} for support of the knee The 
operations w'cre performed without e\ent in two stages on May 22, and June 12, 1936, 
respective!} Each w’as followed b} immobilization of the leg in plaster for a period 
of two to three wrecks The patient was discharged Jul} 21, 1936 

October 3, 1936 Patient was readmitted because of a fracture of the right tibia 
sustained from a fall while pla}mg football The upper fragment of the fibula penetrated 
through the skin anterior!} The wound was cleansed and dressed and a plaster encase- 
ment applied Discharged No\ ember 4, 1936 
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January 5, 1937 Readmitted because of pseudarthrosis of the right tibia A massive 
onlay graft from left tibia was applied to right tibia and fixed with Sherman steel screws 
Progress was uneventful and he was discharged March 23, 1937, with the leg in plaster, 
using crutches 



Fig s — Case L S (A) Roentgenogram in plaster four months after lengthening 
operation Two and one fourth inches of lengthening obtained (B) View taken ten 
months after original operation and two months after fracture from a fall (C) Six 
months after massiae onlay graft for nonunion of fracture (D) Refracture of tibia 
following healing of previous nonunion, four years after lengthening operation 

July 20, 1937 Readmitted because of intertrochanteric fracture of right femur sus- 
tained by a fall while walking on crutches with his leg in plaster The grafted area of 
the right tibia seemed solid A plaster spica was applied This was removed eight 
weeks after injury, roentgenologic examination showed good callus formation 
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to fix the fragments together The wide poition of the diamond served to pre- 
vent the graft from penetrating too far into either fiagment He reported a 
sei les of 32 cases As complications, he cited two cases in which the fragments 
separated, necessitating leopeiation and inseition of a metallic suture, three 
postoperative infections, and two cases of delayed union The aveiage peiiod 
of extei nal fixation of the limb was 50 days 

Mooie,^^ also in 1933, lepoited a senes of 13 femoral shortenings He 
lesected sufficient bone but left a spike projecting fiom the distal fragment 
that could be shoved up into the mtiamedullary canal of the proximal fiag- 
ment foi pui poses of fixation The aveiage amount of shoitening obtained 
was two and one-half inches, and the aveiage peiiod foi complete union was 
two and one-half months He repoited no instances of infection, malunion 
01 nonunion 

In 1935, White®” leported a simplified method of femoral shortening, in 
which he performed a tiansveise osteotomy of the shaft, overlapped the frag- 
ments the necessaiy amount and fixed them together by inserting two long 
pins m an oblique diiection upward and mwaid from the lateral side The 
wound was closed with the ends of the pips piotiuding, which were 111- 
corpoiated in the plastei spica encasement '■ The pins were removed at the 
end of seven weeks, and the plastei encasement at the end of eight weeks A 
calipei brace was then applied, and woin until the end of four months He 
repoited 47 cases tieated by this method, then ages varying from eight to 
42 yeais, the majoiity, howevei, weie undei age 14 The average amount 
of shortening obtained was two and one-half inches, with a maximum of three 
and one-eighth and a minimum of two inches In the youngei childien, he 
shortened one-half an inch more than was necessary, in older to allow for 
continued disturbance of the gioivtli late, and expiessed the wish that he 
had been even more ladical He encounteied infection in four cases, with 
seropuiulent discharge about the pm wounds, all of which cleared up in less 
than two weeks Tvio iing sequestia separated from the pm wounds in an- 
other case and were extiuded Good functional results weie obtained in all 
the cases 

At the Hospital for the Ruptured and Crippled, we have performed five 
femoial shortening opeiations according to the method of White No com- 
plications weie encountered, with the exception of one case in which pins 
made of a new type of steel nere used and broke without, however, any 
loss of fixation It was necessary to perform a later opeiation to lemove the 
ends of the pins An average shortening of two and one-eighth inches was 
obtained To illustiate how much improvement in a patient’s condition can 
be obtained by a combination of methods, the following case history is pre- 
sented 

Case Report — J H , female, age 26, was admitted to the Hospital for the Ruptured 
and Crippled, May 5, 1937, with a history of infection of the right hip, probably tuber- 
culous, at age 7 This resulted in ankylosis of the hip and failure of development of the 
right leg, so that for jears she had \valked with a limp and had to wear a lift, eight 
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inches high, under her shoe She did not complain of any pain but was anxious to ha\e 
something done to equalize the length of her legs so that she might discard her raised shoe 
Exannmhon showed bony ankylosis of the right hip and an underdeveloped right 
leg The hip was fixed m a position of 45° flexion and 15° adduction The right knee 



Fig 6 — Case J H (A) Postoperati\e roentgenogram showing o\erlapping of fragments with 
three inches of shortening of femur and pins in place (B) and (C) Views showing position and heal 
mg approMmately eight months after operation 



Cj,, 7 — Case J H (A) Preoperatne appearance of patient wearing eight inch lift on shoe 
r 1 1 after three inches of shortening of left femurs correction of adduction dcformitv of 

igiit liip and flexion deformitj of right knee bj osteotomies 


showed a normal range of flexion, but extension was limited at an angle of 165° 
^Icasurements show’ed the length of the right leg 28JZ inches, of the left leg 34^2 
inches, of the right femur 14 inches, and of the left femur 17^2 niches The flexed, 
adducted position of the right hip caused her to stand with marked lumbar lordosis 
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and with the right side of the pelvis raised so that there was a relative increase of the 
shortening (See Figs 6 and 7 ) 

Fust Opeiatwn — May 8, 1937 Shortening of left femur by oblique osteotomj, over- 
lapping of the fragments and pm fixation Amount of shortening obtained, three inches 
Application of plaster spica Good postoperative lecovery 

Second Opel at ion — May 24, 1937 Subtrochanteric osteotomy for correction of 
flexion and adduction deformity of the right hip Plaster spica applied holding hip in 
position of 10° abduction and 15° flexion Uneventful convalescence 

Thud Opeiatwn — June 21, 1937 Supracondylar osteotomy of right femur to over- 
come flexion deformity of right knee Bilateral plaster spica 

Subsequent Com sc — The patient did well Union of the left femur and of the 
right hip appeared solid August 10, 1937, and the plaster was removed A plaster leg 
encasement, to support the region of the right knee, was worn until August 31, 1937 
She was then given exercise treatment in the pool, and weight bearing was permitted 
September 15, 1937 She was discharged one week later 

Patient was examined in the End-Result Clinic, October 18, 1938, at which time she 
stated that she was very pleased with the result She walked well with a one-quarter 
inch lift under her right heel The right hip was fixed m 10° abduction and 25° flexion 
The right knee could be completely extended and flexed to an angle of 80° The length 
of the legs, when measured from the anterior superior spine, was right 29 inches, 
left 31)4 inches, when measured from the umbilicus right 33)4 inches, left 34)4 
inches The abducted position of the right hip was sufficient to cause enough relative 
lengthening of the leg nearly to compensate for the two and three-quarters of an inch 
actual shortening present 

Summary — We feel that leg shortening operations are piactical pio- 
cedures, that the technic vanes with diffeient surgeons, with the pieference, 
however, either foi the resection of a portion of the shaft with fixation by an 
intramedullary graft 01 for a simple ovei lapping operation with fixation by 
pins, that the complications are few and that the functional results aie good 
(Table VII) 

Table VII 

REPORTED RESULTS Or LEG SHORTENING OPERATIONS 

Complications Reported 



Number of 
Shoitening 

Average 

Short- 

Separa- 
tion of 
Frag- 

Infec- 

De- 

layed 

Non- 

Re- 


Operations 

ening 

ments 

tions 

Union 

union 

sults 

Author 

Brooke 

Femur 

I 

Tibia 

2 

Ob- 

tained 

1% ms 

Reop- 

eration 

0 

0 

0 

0 

Good 

Camera 

32 

0 


2 

3 

2 

0 

Good 

Moore 

13 

0 

2)4 ins 


0 

0 

0 

Good 

White 

47 

0 

2)4 ins 


4 

0 

0 

Good 

Present re- 
port 

5 

0 

2)4 ms 

0 

0 

0 

0 

Good 

Totals 

98 

2 

2 ms 

2 

7 

2 

0 



Theie is a natural piejudice, both on the pait of the surgeon and of the 
patient, against operating upon the normal leg when the other is already 

1010 





WILSON AND THOMPSON 


Annals of Surgery 
December 1 !) o u 


epiphyses should be fused This depends upon the age of the patient when 
first seen, the amount of shoitenmg and whether or not it is increasing 
When a gross discrepancy of length is to be overcome, the operation must 
be performed early Complete fusion must be obtained in order to avoid any 
danger of later defoimity due to asymmetiic growth This method offers the 
simplest and safest means of equalizing leg length Its only drawback is 
that its application is limited to the gi owing pei lod 

(4) Leg lengthening is a foimidable procedure and frequently attended 
by serious complications Until these difficulties have been oveicome, its 
use should be limited to patients who are too old foi epiphyseal arrest and 
are unwilling or ill able to sacijfice height by undergoing shortening of the 
longer extremity Previous infection of a hone of the shorter extremity is a 
definite contraindication We also wain against undertaking this piocedure 
in a severely paialyzed or atiophic extiemity 

(5) Leg shortening like epiphyseal aiiest, has the disadvantage that it 
must be undei taken on the longei and usually noimal leg It is a lelatively 
simple and safe proceduie Seiious infection, nonunion, defoimity and 
muscle weakness have not been leported Although the operation has been 
pel formed almost exclusively upon the femur, it has also been undei taken suc- 
cessfully in the lowei leg The maximum collection so fai reported is 
appi oximately thiee inches Leg shortening should be advised only when 
growth IS well established Many patients show an aversion to loss of stature, 
but the elimination of the raised shoe moie than compensates for this Fur- 
thermore, It should be pointed out that a lowei ing of the center of giavity in 
a patient with a crippled lower extremity usually results in a gam of stability 
and an improvement of locomotion Leg shortening, therefoie, has the 
advantage over leg lengthening, in that it actually impi oves function 
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Discussion — Dr Clay Ray Murray (New York) said that Doctor 
Wilson and Doctor Thompson had presented one of the very best surveys of 
a difficult pioblem he had ever listened to One of the most important 
features of the paper is that it did not stress so much the operative pi ocedure 
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as the cA^aluation that every one of the cases piesented had been put tlnough 
befoie an)'" opeiative proceduie was attempted Studies of the development 
of the child’s background, familial growth, the paiticulai stage of giowth the 
child happened to be in (the veiy active giowth that childien go thiough, oi 
one of the latent peiiods) — all weie carefully evaluated befoie eithei opeiative 
pioceduie was undei taken oi befoie the time foi such pioceduie was chosen 
Even if a method is ideally carried out, and despite the method used, without 
extieinely caieful and prolonged evaluation befoie cai lying it out, its value 
may be very laigely lost 

Dr Alan De Forest Smith (New York) said that he had come to the 
same conclusions at the N Y Orthopedic Hospital as had Doctoi Wilson, 
in evaluating the various methods of dealing with distui bance in the length of 
exti emities Leg lengthening is a ver}'^ difficult and dangei ous pi ocediii e, and 
fi aught with many iisks It is leseived at the N Y Oithopedic Hospital 
for the very few cases in which the disci epancy is so gieat that it is impossible 
to ovei come it by leg shoi tening 

Leg shortening is preferred m most cases by ephiphyseodesis in young 
childien, befoie the end of their growth peiiod, and by taking some bone out 
of the femui in adults and oldei childien Befoie dealing with this pioblem 
vith entne success, it is necessaiy to have moie data on the behavioi of giowth 
especially in poliomyelitis cases Not enough is known about the effect of 
poliomyelitis on giowth Fiom cases obseived by Doctoi Smith it is his 
opinion that they reach a stationaiy point at which theie is no longei an in- 
equality in rate, befoie the end of their giowth penod A disci epancy in the 
giowth of the extiemities ma)^ result so that an extiemity ma}'- lose an inch 
01 two dining a ceitam peiiod of time This diftcience then lemains until 
the end of gi owth If the behavior of these cases v as moi e fully undei stood 
one would be better able to deal with them 
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CLINICAL AND EXPERIMENTAL EXPERIENCES IN THE 
SURGICAL TREATMENT OF HYPERTENSION-^ 

Loyal Davis, M D , and M Herbert Barker, M D 

Chicago, III 

FROM THE DIMSIOMS OF SURGfRF AMD MFDICINB, AORTHM ESTERM U\I\EnSITV MEDICAL SCHOOL, CHICAGO, ILL 

In 1935, one of iis’^ (M H B ) reported his clinical experiences with and 
the mode of action of the sulphocyanates in the tieatment of hypertension 
It was found that if the oral dosage was adjusted until the cyanate content 
of the blood ranged between 6 and 12 mg per 100 cc , a reduction of the 
blood pressure occuired m 35 of 45 patients with S3'^stohc blood pressures 
well over 200 Mm of meicury The blood pressure 1 eduction w'^as well 
maintained foi months and even yeais in the individuals sensitive to this 
drug, if an aveiage concentiation of 10 mg per 100 cc of blood w'^as held It 
was emphasized that the dosage necessaiy to maintain a theiapeutic concen- 
tration of the cj^anates m the blood vai les greatly, appai ently due to the indi- 
vidual sensitivity and cleaiance of the mineral fiom the body Since then, 
experience with a laiger group of patients has been obtained, and these 
1 esults have been coi 1 oboi ated ^ ^ 

The most striking effect pioduced by the cyanates is the drop of the sys- 
tolic blood pi essure Decreases from 270 01 220 Mm down to levels between 
180 and 140 Mm have been fiequently produced and although the diastolic 
pressure usually lags some days or weeks, a reduction to levels of 80 to 100 
Mm may be obtained The caidiac symptoms of heait consciousness short- 
ness of breath and nocturnal dyspnea usually decrease as the blood pi essure 
falls and relief from headache, insomnia and nervousness often occurs even 
without the expected propoitionate decrease in blood pi essure Compensa- 
tion of the heart has geneially followed, and is easily maintained, as long as 
the reduction of the blood pressure is held A deciease of the size of the 
heart takes place m a few weeks, as may be shown by orthodiagi ams and two 
meter 1 oentgenograms No damage to the concentration pow^ei of the kid- 
neys noi retention of w^aste products has been encountered as the blood pres- 
sure has been reduced At the same time, a fairly regular decrease lUiA^ 
cell count, hematocrit, blood cholesterol and the total serum pioteins has been 
observed if the cyanate therap}^ is continued and a pioper blood cyanate level 
IS held The sedimentation late is increased and there is an ease m drawing 
blood through a standard cahbei needle, which suggests that the total blood 
viscosity IS materially reduced 

In a series of over 200 cases, roughl}'^ 50 per cent have showm symptomatic 
improvement, wuth blood pressure reductions that are regarded as significant 
and satisfactory responses following cyanate therapy In 25 per cent, an 

* Read before the American Surgical Association, Hot Springs, Va, May ii, 12, I3» 
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escape fiom the theiapeutic effects of the drug occuis aftei a good initial 
response In these latter patients, there is an enoimotis augmentation of the 
clearance of the diug, so that veiy much largei doses are lequiied to maintain 
a satisfactory blood cyanate level In the lemainder, a giadual use in blood 
pressure occuis in the face of a constantly maintained and seemingly adequate 
blood cyanate concentiation, laige enough in many instances to pioduce 
toxic symptoms Of all the patients m this lattei gioup, 50 pei cent may be 
regal ded as resistant to cyanate therapy 

For this group of cyanate resistant patients with hypei tension, ve have 
considered the possible advantages of suigical theiap)'^ In a pievious paper** 
we presented our criteria foi choosing patients foi the opeiation of bilateiai 
supiadiaphragmatic splanchmcectomy and set down the studies and obseiva- 
tions which we earned out on each patient pie- and postopeiatively 

(i) All patients have a seveie giade of essential hypei tension with a 
systolic pressure of 200 Mm or over and with a diastolic pressuie above 
100 Mm of meicuiy (2) As fai as can be detected by a caieful histoiy, 
physical examination and laboiatory data, theie is no evidence of chionic 
glomeiular renal disease (3) Theie is no evidence of significant penpheial 
aiterial scleiosis (4) Thioughout their months or yeais of obseivations, 
blood piessuies show noimal fluctuations, that is, the piessures aie not 
“frozen” at a definite level (5) All of the patients have been given a 
thorough tiial with potassium sulphocyanate ovei a peiiod of seveial months 
up to two years The sulphocyanates have been discontinued for one of two 
reasons, either the patient shows some 1 espouse to cyanate theiapy but the 
dose necessaiy to lower his blood piessuie is laige enough to cause symptoms 
of sulphocyanate intoxication, or he is not sensitive to the diug, particulaily 
111 regard to his diastolic blood piessuie 

Briefly, then, lelatively young hypei tensive patients without lenal damage 
whose blood piessures under normal conditions show lalher marked fluctua- 
tions, whose vascular tiee is still elastic, and who, over a long period of time 
for one of two reasons, have been found to be insensitive to potassium sulpho- 
cj^anate theiapy are subjected to ciitical study and observation befoie and 
aftei operation These studies and observations consist of 

(1) Renal function tests of concentration and dilution powei, uiea clear- 
ance and fractional phenolsulphonphthalein excretion 

(2) Blood chemistiy studies which include total seium protein, seium 
albumin and globulin, cholesterol, ui ic acid, blood and fluid volume, hematoci it. 
chlorides, CO2 capacity, urea nitrogen, glucose and insulin toleiaiice 

(3) Blood pressures are taken morning and evening, during bed rest, 
foi a peiiod of foui days and continued until a normal basal level has been 
reached Blood pressuie leadings aie then made v\hile the patient is am- 
bulatoiy, after meals, dm mg periods of nenousness or excitement, and 
vhile asleep 

(4) The cold piessor test done accoidmg to the method described b\ 
Hines and Brown 
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(5) A tablet of nitioglyceiine (1/200 to i/ioo gr ) is placed under the 
tongue, and the diop in the pressuie is lecoided foi a 20-minute period, or 
until the leadings show that the pressuie has letuined to the aveiage normal 
level 

(6) Changes in the blood pressure dining a peiiod of deep sleep induced 
by amytal, pentothal of sodium and aveitin are recorded 

(7) Caibon dioxide inhalations aie given to deteimine how high the 
blood piessure may be elevated under controlled conditions 

Chmeal Expel icnces — Recognizing fiom the outset that by limiting oui 
choice of patients to those who had been pi oven to be cyanate lesistant we 
necessaiily weie choosing difficult cases upon which to test the effect of a 
suigical proceduie, we still were not quite prepaied to meet the complete 
failuies which attended our effoits m the fiist thiee patients opeiated upon 

Case I — D G , female, age 29, was first aware that she had hypertension at age 24, 
in 1930 By 1932, she had edema of the ankles and had begun to tire easily at her work 
The following year, she was forced to leave her position and was admitted to the Cardio- 
vascular Clinic, complaining of severe headaches, dizziness, dyspnea, precordial pain, pal- 
pitation, insomnia and nocturia 

The blood pressure was 220/130 Mm The heart was of normal size with only a 
moderately foiceful ape\ impulse The apical tones were muffled and there was a harsh 
rasping murmur occupying all of systole and diastole heard at the root of the neck on 
the right The blood urea nitrogen was 13 4 mg , cholesterol 235 mg , blood chlorides 
480 mg and the phenolsulphonphthalein excretion test totalled 60 per cent in two hours 
The left optic fundus showed edematous tissue about the \essels near the disk 

The patient was given 03 Gm of potassium sulphocyanate twice daily and this 
dosage was gradually increased to learn her tolerance During the next year she was 
out of the city at inter-vals and the blood cyanate level was difficult to control, but at no 
time did it ever exceed 6 9 mg per 100 cc of blood Some of her symptoms were reduced, 
but none disappeared, and her blood pressure ranged near 220/100 Mm From April, 
I935> to July I, I93‘i, the blood cyanate level was gradually raised to 193 mg, but her 
headaches, dizziness dyspnea and other symptoms continued unchanged 

She was placed in the hospital and kept in bed for two weeks without evanate therapy 
Her blood piessure lemamed unchanged and her symptoms continued with even greater 
intensity When her blood had become entiiely fiee from cyanates her hematocrit reading 
was 41 per cent, total proteins 814 Gm , albumin 495 Gm , globulin 249 Gm , urea 
mtiogen 135 mg , uric acid 25 mg , cholesterol 231 mg , urea clearance 46 per cent, 
chlorides 440 mg wuth a carbon dioxide capacity of 50 5 per cent 

On July 12, 1935, a bilateral supradiaphragmatic splanchmcectomy w'as performed 
and theic was an immediate postoperative drop in the blood pressure to 154/90 Mm, but 
this lasted only three hours and quickly rose w'lthin seven hours to 180/114 Mm An 
insulin tolerance test w'as performed several weeks later, and the patient had a violent 
In pel insulin reaction after the injection of 10 units of msulm, quite characteristic of the 
reaction followung section of the splanchnic nerve 

The patient’s blood chemistry findings showed no essential change whatever upon 
several postoperative examinations, and although cyanates have been given at various 
intervals during the past three rears following operation the blood pressure levels have 
nerer been critically low'ered 

Quite conMiiced of the completeness of the operative procedure, tve 
could only conclude that we had chosen a patient whose blood pressure levels 
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weie fiozen We had not subjected this patient to any of the tests einplo}ed 
at othei clinics in an effoit to choose patients who might be expected to leact 
favoiably to an mtenuption of the splanchnic neives This, we believed, 
was an ovei sight which might have pi evented us fiom subjecting the sui- 
gical pioceduie to a test fai bej^ond its scope and so we appioached the 
second case hoping that a favorable response to vaiious tests foi vasculai 
lability might cany a moie hopeful piognosis 

Case 2 — R K V was refused an insurance pohcj’^ in 1931, at the age of 34, be- 
cause of a systolic blood piessure of 240 Mm From 1933 until the fall of 1936, the 
patient was under medical management elsewhere, which succeeded in keeping his systolic 
pressure in the neighborhood of 150 Mm He continued his work as a newspapei man 
and felt well In October, 1936, he had bleeding from his left kidney and during hos- 
pitalization at that time his pressure had again risen to a systolic level of 240 Mm From 
that time, to the time of his entrance into our clinic, he had complained of dyspnea, 
blurring of vision, seveie headaches, precoidial pain and a constant hematuria 

Upon examination February 13, 1937, the patient had a blood pressure of 266/166 
Mm , his fundi showed a bilateral papilledema with tortuous retinal arteries, hemoi- 
rhages and exudates There was no cardiac enlargement but the peripheral vessels were 
tortuous and the pulse was bounding and not easily compressed A cold pressor test 
and the nitroglycerine test caused no significant change in his blood pressure levels 
Pentothal sodium (i Gm ) was injected intravenously and although the systolic pressuie 
fell while the patient was asleep it was not a marked change During three weeks of 
absolute bed rest during which time potassium sulphocyanate was admmisteied until the 
blood level was 12 7 mg per 100 cc , there was no change in his blood pressure and his 
symptoms remained unchanged 

Previous to the administration of cyanates the patient’s hematocrit reading was 41 
pel cent, blood urea nitrogen 194 mg , cholesterol 368 mg , chlorides 448 mg , uiea 
clearance 55 5 pei cent, total protein 808 Gm , albumin 3 06 Gm , and the carbon dioxide 
capacity 604 per cent After the administration of the cyanates the hematocrit reading 
decreased to 39 per cent and the other blood chemistry determinations were essentially 
unchanged 

On March 22, 1937, a bilateral supradiaphragmatic splanchnicectomy was performed 
and although the immediate postoperative blood pressure was 154/110 Mm, within 24 
hours it had risen to 195/130 Mm and never fell below that level until his discharge on 
April 18, 1937, when it was 210/135 Mm Again, an insulin injection of 10 units pro- 
duced a typical shock reaction in this patient 

The patient’s symptoms continued unchanged and there was so significant cliange m 
any of the blood chemistry determinations Tiie phenolsulphonphthalem excretion lest 
was 64 per cent in two hours, practicalb" the same as it \\as prior to operation, and the 
urea cleaiance test was not significantlj altered 

The patient was discharged under the care of his own phjsician and succumbed within 
three months as the result of a cerebral vascular accident During this lime he had not 
been gi\en sulphocj anates 

This second experience was even moie discouraging than the lesults 
obtained in the fiist patient Although his i espouses to tlie cold picssoi 
nitrogl} cei me and pentothal tests indicated a nonlabile vascular s} stein, we 
felt that in mcw of the malignancy of his disease and his hopeless outlook, 
and oui mabiliU to place complete i chance upon the tests foi \asomotor 
labilit}, he should be gnen the benefit of whatetcr ad^antages an operation 
might affoid him Thus fai, m two patients we had not adhered to the 
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punciples we had established foi suigical indications and, in partial extenua- 
tion, had been unduly influenced by favorable lepoits in the literature We 
weie unable to satisfy oui selves that our cases weie comparable in their 
clinical manifestations 

Ceitainl}^ no changes had occuiied in the various constituents of the blood 
Likewise neithei patient showed any impiovement whatever in the subjective 
symptoms noi was theie a change in the fundus findings following operation, 
both of which had been lepoited as a rathei constant occurience, inespective 
of the efifect upon the blood pi essure 

We peisisted in looking foi a patient with severe hypertension, lesistant 
to cyanate theiapy, whose leactions to vasoconstiictor and vasodilator tests 
might give us encoiii agement Finally, we believed that we had found one 
who might piove to be a less difficult pioblem, for, although she was resistant 
to the administration of cyanates, she exhibited prompt and marked leactions 
to the cold piessoi, nitioglyceime and sodium pentothal tests 

Case 3 — F M , female, age 38, was first aware of a hypertension m 1933, when she 
was age 34 She had suffered during the following four years with severe headaches, 
dyspnea, indigestion, fatigue, backache, and pain in her chest Her blood pressure was 
260/160 Mm , the peripheral vessels were firm and there was a slight edema over the 
tibiae The heart was enlarged to the left, the rhythm was regulai and the tones were 
of moderate intensity with a systolic murmur at the apex and base The optic disk 
margins were blurred bilaterally, the retinal vessels were small and there was a slight 
edema of the letinae 

The patient’s blood pressure upon rest in bed was 182/108 Mm and ten minutes after 
immersing her right arm in water at 40°C for half a minute it had risen to 208/118 Mm 
Two minutes after taking i/ioo gr of nitroglycerine the pressure had decreased from 
204/118 to 176/114 Mm , six minutes later it had returned to 1S0/118 Mm She felt 
after this test as if “all the blood was rushing to her head" and 15 minutes later com- 
plained of a teriific headache Two minutes after starting the injection of 2 Gm of 
sodium pentothal, her blood pressure dropped from 230/135 to 165/120 Mm The injec- 
tion was continued slowly for 15 minutes, during which the patient remained asleep and 
the blood pressure lowered Thirty minutes after the injection had stopped the blood 
pressure had returned to 210/120 Mm 

On Maich 17, 1937, a bilateral supradiaphragmatic splanchnicectomy was performed, 
and a drop in the blood pressuie was present for 12 hours immediately postoperative 
Since that time, it has remained in the vicinity of the preoperative level although the 
patient’s dyspnea and sense of chest constriction are greatly improved The sodium 
pentothal test following operation showed a response exactly similar to that found before 
opeiation, as did the other tests for vascular lability 

This, then, was the thud unsuccessful lesult we had encounteied after 
sectioning the splanchnic neives supi adiaphi agmatically We had found no 
lead in a study of the blood chemistiy before and after operation in two pa- 
tients and finally we had been misled by responses to tests for vascular lability 
Although all of these patients presented seveie cases of essential hj^eftension 
and pel haps should nevei have been candidates foi suigery because of the 
stage of then disease, we believed that similar patients had been operated upon 
elseiiheie with an immediate drop m the blood pressure which had remained 
permanently lowei ed Oui only conclusions could be that either the operation 
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he had been resistant and higher blood cyanate levels with the accompanying 
symptoms of mild cyanate intoxication had been necessary to reduce his blood 
pressuie Accompanying this reduction in blood pressure there had been a 
marked improvement in the patient’s symptoms so that he was able to resume 
his former social and economic position, and there had been a definite im- 
provement in his blood chemistry findings, evidenced by a drop in his blood 
cholesterol, total proteins and hematocrit readings 

Now, more than a year after opeiation, his blood pressure level is 175/100 
Mm with a blood sulphocyanate level of 12 to 14 mg, his symptoms remain 
improved and he is at work 
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Chart i — Graph which shows the course of the blood pressure readings and the blood c\anate 
levels in patient C C G before and following operation Note also the blood pressure readings 
with the lower cyanate levels following operation 


We were quite unable to explain, physiologically, this impiovement in the 
patient’s ability to clear sulphocyanate moie efficiently from his blood stream 
and to obtain the improved results from this drug Nevertheless, it piovided 
the encouraging stimulus to attack the problem anew both in the experimental 
laboratory and upon similar sulphocyanate resistant patients 

Our next patient was a schoolmistress whose hypertension, usually in the 
neighborhood of 200/130 Mm , was first noted m 1934, when she came under 
observation with the complaint that she had had fiequent colds which kept her 
from her work 

Case 4 — E M , female, age 32, was found to ha\ e a streptococcic infection of her 
nasopharjnx This was successfully treated, but in spite of a general improvement in her 
health she continued to complain of palpitation, throbbing of the vessels in her neck, at- 
tacks of djspnea, occasional attacks of precordial pain, edema of the ankles and severe 
headaches The cardiac borders were slightly enlarged to the left and the tones were 
accentuated but no murmur was present There were no signs of decompensation The 
optic fundi showed small retinal arteries, with thickened w'alls, blurred nasal borders of 
the optic nerve heads but no edema of the retinae 

The patient was placed upon sulphocv anate therapy, and it was found that if she 
remained in bed, her blood pressure could be reduced to 150/102 kim but upon resump- 
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tion of her noimal duties the systolic and diastolic pressures immediately rose to levels of 
200 and 130 Mm, respectively, and all of her S3iiiptoms returned Pushing the sulpho- 
C3anate therapy to high levels, at which symptoms of weakness and mental retaidation 
were present, failed to improve her condition as long as she attempted to maintain her 
economic position 

On June 29, 1937, a cold piessor test ivas performed Placing the left arm in water 
at 32°C increased the blood piessuie from 176/132 to 200/136 Mm in four minutes 

Nitroglj'ceime (i/ioo gr ) beneath the tongue reduced the blood pressure fiom 
192/134 to 172/130 Mm in four minutes, accompanied by a bounding pulse, increase in 
the respirations and a sensation of weakness Eighteen minutes after the nitroglj cerine 
was given, the pressure level was 162/128 Mm The blood pressure had letuined to 
Its former level at the end of 35 minutes 

One Gm of sodium pentothal was injected slowly with the blood pressure level at 
182/130 Mm The lowest point reached by the blood pressure during her sleep was 
152/no Mm 

On July I, 1937, the hematocrit reading w’as 43 per cent, urea nitrogen 15 mg , uric 
acid 286 per cent, cholesteiol 236 mg , urea clearance 396 cc or 732 per cent, total 
proteins 680 Gm Ten units of insulin reduced the blood sugar from 852 to 630 mg 
in three hours The phenolsulphonphthalein test w'as 65 per cent 

On August 26, 1937, a bilateial supi adiaphi agmatic splanchmcectomy w'as perfoimed, 
and although there w'as an immediate postoperative drop in the blood pressure levels, the 
preoperative state was 1 cached within four daj's and remained so elevated until the time 
of her discharge September 20, 1938, wdien it w’as 180/130 Mm 

The cold pressor test was repeated September 17, 1937, and the pressure rose from 
170/134 to 194/144 Mm The nitrogljcerine test w'as follow'ed by a fall in the blood 
pressure levels from 180/134 to 168/128 Mm At this time, ten units of insulin reduced 
the blood sugar fasting level from 390 mg, so that within an houi theie w'as not enough 
sugar in the blood to be tested 

The blood chemistry determinations January 6, 1939, a year and one-half after her 
opeiation, showed a hematociit reading of 40 per cent, total pioteins 742 Gm , choles- 
terol 258 mg , chlorides 520 mg , carbon dioxide capacity 50 4 per cent , urea clearance 
671 per cent, blood urea nitrogen 172 mg , phenolsulphonphthalein 40 per cent in 15 
minutes The cold piessor test showed a rise in blood pressure of 138/94 to 158/118 ]Mm 
The nitrogl^'cerine test produced no change w'hatever in the systolic or diastolic pressures 
The sodium pentothal test show'ed a diop in the pressure from 138/94 to 110/80 Mm, 
and the carbon dioxide test show'ed a rise from 134/96 to 186/158 Mm 

Chait 2 shows the charted course of her blood pressure readings since September 
^~i 1934 Sulphocyanate therapy quickly produced a fall in the blood pressure, particulaih 
when the patient was at rest, but w'hen the blood was free from sulphocjanate tiie pres- 
sure rapidlj rose It w-as also noted that the blood sulphocjanatc had to be raised to a 
highei level to effect the same result upon the blood pressure w'hen she was at her work 
Follow'ing splanchmcectomy her blood pressure is maintained at a coiistantlj lower le\tl 
upon small doses of potassium sulphocj anate while she is carrjmg on her normal daiK 
duties, w’lth blood sulphocianate lei els comparable to those winch maintained the pressure 
at those lei els ivhen she was at bed rest prior to operation 

This patient affoided a confiimation of what we had suspected had oc- 
cuiied in the foimei patient Obsened as site w'as for three leais bcfoic 
opeiation. duiing which time she had reeened c}anate therapi her blood 
cheinistn findings weie inoie ncaih nounal than ain of tlie patients we liad 
studied pietiousli Hci cholesteiol was low and hei hematociit reading was 
faiih noimal On the other hand, hci total blood piotems were elci.ited and 
bet die cxcietion and uiea clcaiance tests wcic not the best In other words, 
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one might aigue that she was a more favorable patient foi operation, if one 
did not remember that, although she responded to sulphocyanate therapy, it 
was only when she lestricted her activities The problem then was a piactical 
one of attempting to make this patient economically independent This has 
been accomplished by cyanate administration aftei splanchmcectomy, and dui- 
ing the past i8 months she has earned on her full duties as a teachei, by which 
she suppoi ts her mother and has done exti a work in music, with a satisfactory 
blood piessuie level The patient’s objective symptoms have all disappeaied 
and lecur only when she stops taking potassium sulphocyanate, as we have 
asked hei to do several times to observe the subsequent rise in blood pressure 



Chart z — Giaph which shows the blood pressure readings and blood cyanate levels m patient 
E M fiom 1934 to January 1939 The patient’s blood pressure is definitely more responsue to 
smaller concentrations of cyanate in the blood following splanchmcectomy 


The excellent i espouse of this patient stimulated us to investigate this par- 
ticulai phase of the pioblem fuithei in other patients As a lesult, we have 
centered all of oui attention, clinically and experimentally, upon a specific 
phase of the surgical problem of hypertension, because in our hands, at least, 
it has been the only hopeful avenue of approach to the question 

The next patient was chosen foi surgical treatment because, to our minds, 
he presented a difficult test to which we might put the idea that after splanch- 
nicectomy the hypei tensive patient would react more satisfactorily to the 
admimstiation of potassium sulphocyanate We had not been able to decide, 
fiom the observations made, whether oi not less sulphocyanate was actually 
requiied to keep the blood pressuie at a lowei level or whether the drug pro- 
duced its effect and was moie rapidly cleared from the blood stieam 

Case 5 — C R, male, age 25, when first seen by one of us (M H B ), was in a 
deep coma and was having a series of convulsive seizures He had been known to have 
a high blood pressure in 1931, and until December, 1935, had continued about his school 
duties although he complained of constant severe headaches In February, 1936, he was 
taken to a hospital in coma, with severe vomiting and repeated convulsions Potassium 
sulphocj anate was given intravenously with immediate cessation of the convulsions, re- 
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turn to consciousness and a decrease in his blood pressure le\els from 260/160 to 170/120 
Mm This level was maintained successfully for 18 months, though toxic sjmptoms 
were present from time to time and close attention to the administration of the sulpho- 
cyanate was necessaiy 

Prior to consideration of a «planchnicectoray, the drug was stopped and his pressure 
rose while in the hospital to 230/150 Mm The cold pressor test showed no change in 
the blood pressure level On January 4 , 1938, the hematocrit reading was 37 per cent, 
urea nitrogen 25 mg , unc acid 4 15 mg , cholesterol 260 mg , chlorides 496 mg , carbon 
dioxide capacity 55 3 per cent , total protein 5 58 Gm , albumin 3 80 Gm and globulin 
I 78 Gm The phenolsulphonphthalem test showed an excretion of per cent of the dj e 

On January 10, 1938, a left supradiaphragmatic splanchmcectom> was performed 
The blood pressure dropped for a few hours after the operation but within 12 hours was 
212/150 Mm 

On January 22, 1938, the patient began to complain of headache and dimness of 
vision His blood pressure was 244/170 Mm He soon became comatose and began to 
have a series of convulsive seizures , a clinical picture exactly similar to his condition in 
1936 He was again given potassium sulphocyanate intravenously and in addition mag- 
nesium sulphate His convulsions ceased, he became conscious and by January 25, his 
blood cyanate level was 425 mg At that time, there was a bilateral edema of the optic 
disks but no marked engorgement of the retinal veins and there were no retinal hemor- 
rhages 

It was decided that we could never free him from the drug because of the danger 
involved and consequently he was kept on sulphocyanate therapy until we sectioned the 
right splanchnic nerve on Febiuary 14, 1938 

Upon discharge from the hospital March 4, 1938, the hematocrit reading was 31 per 
cent, urea nitrogen 21 4 mg , uric acid 20 mg , cholesterol 240 mg , chlorides 472 mg , 
carbon dioxide capacity 70 s per cent , urea clearance 48 per cent and the blood cyanate 
level was 1 1 8 mg 

The patient has been upon sulphocj anate therapy since, with a blood pressure level 
ranging around 170/110 Mm , free from symptoms and physically active On Januarj 
U. I939i the hematocrit reading w'as 27 per cent, total proteins 571 Gm , albumin 4 16 
Gm , globulin i 55 Gm , nonprotein nitrogen 48 5 mg , blood urea nitrogen 34 9 mg , uric 
acid 376 mg , calcium 824 mg , phosphorus 3 12 mg , cholesterols 212 mg , chlorides 
552 mg , carbon dioxide capacity 55 3 per cent , urea clearance 63 2 mg , or 84 per cent, 
and blood cjmnates 266 mg He has been carefully followed now' for one jear follow'ing 
his operation and his improvement remains w'hile he follows a normal active life (Chart 3) 

The necessity for keeping this patient upon potassium sulphocyanate 
theiap} duiiiig the time t\e w'ere attempting to determine the effect of splanch- 
nicectomy made it impossible to draw any conclusions from the blood chem- 
istiy findings 01 other tests after the operation During this past year, fol- 
lowing splanchnicectomy, the patient has shown an increased sensitivit} to 
sulphocyanate and although his blood cyanate level must be kept at a com- 
paratively high concenti ation his reactions to the drug have been less and his 
condition therefore far moie satisfactoiy It would be difficult to attribute 
this change m the patient’s i espouse to the diug to some unknown factor in- 
herent 111 the course of his disease and we believe that it can more logicall\ 
be said to follow section of his splanchnic nenes 

The last patient to whom we wish to direct attention in this communica- 
tion, has shown the same excellent response recorded in the jiatient E M 
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(Case 4) Most stiiking, has been the inannei 111 which the total piotems in 
the blood, and paiticularly the globulin fraction, have fallen after hei opera- 
tion Previous to opeiation, though a high level of blood cyanate concentia- 
tion was readied without the production of toxic symptoms, neithei hei blood 
liiessure levels nor hei blood chemistiy findings showed any of the changes so 
chai actei istic of the lesults obtained in patients who lespond favorably to 
cyanate administration 


Case 6 — N F, lemale, age 43, mained, had been under close observation for 18 
months, duiing which time she liad been kept at bed rest m the hospital for 60 days In 
June, 1937, she was first told that she had a high blood pressure Her complaints were 
weakness, nervousness, nausea, headaches, edema of the ankles and blurring of vision 
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Chart 3 — Graph which shows the effect of potassium sulphocyamte giteii intra%enousl> in patient 
C R who was in coma and was haiing convulsions in 1936 All the cyamtes were withdrawn and 
a left splanchnicectomy was done The patient s blood pressure rose rapidly , the patient became 
comatose and developed convulsions so that potassium sulphocyanate was again given intravenously 
A right splanchnicectomy was done later but the cyanates were continued This patient requires large 
doses of cyanates to keep his blood pressure low but shows none of the toxic symptoms which de 
\ eloped from high concentrations of the drug in the blood before operation 


Ophthalmoscopic examination revealed arterial spasm with irregularity in the size of 
the vessels and blurring of the disk margins The heart borders were not enlarged and 
there was no evidence of cardiac decompensation While under observation in the hos- 
pital previously, her blood pressure levels had ranged from 260/163 to 140/88 Mm and at 
entrance, June 27, 1938, the blood pressure was 192/108 Mm 

On January 5 1938, the hematocrit reading was 45 per cent, urea nitrogen ii 4 mg , 
uric acid 4 05 mg , cholesterol 288 mg , chlorides 495 mg , carbon dioxide capacity 54 i 
per cent , urine urea 236 mg , urea clearance 30 i per cent , total proteins 7 35 Gm , al- 
bumin 4 21 Gm , globulin 3 09 Gm 

The average resting blood pressure was 193/107 Mm , the cold pressor test was 
followed bj a rise of 38 points in the systolic pressure and six points 111 the diastolic 
pressure Sodium pentothal was given w'lth the control pressure at 210/115 Mm, and 
during the sleep so induced the mean pressure was 172/109 Mm , the low'cst pressure re- 
corded being 156/106 Mm 

On July I, 1938- a bilateral supradiaphi agmatic splanchnicectomy w'as performed and 
follow'ing this the blood pressure fell precipitately but then gradually rose to 170/96 Mm 
on the second postopeiatne day On July 5, the blood pressure was found to be 230/130 
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Mm, though, in geneial, the mean blood pressuie readings were consistently lower Posl- 
operatively, the cold pressor test showed a sharp use from igo/ioo to 230/1 lo Mm and 
a prompt fall to 180/96 Mm The sodium pentothal test following operation produced 
a fall of the s3'stolic piessure from 180 to 160 Mm three hours after the administration 
of the drug and then a gradual leturn aftei eight hours to 170 Mm The diastolic pies- 
sure on the other hand fell fiom 106 to 90 Mm after three hours and continued to fall 
gradually to 76 Mm eight hours after the test, after which it graduallj rose again 

On July 18, 1938, when her blood was free from cj'anates, the hematocrit leading 
was 41 per cent, urea nitrogen had risen to 28 3 mg , uric acid was 5 25 mg , cholesterol 
248 mg , chlorides 521 mg , carbon diovide capacity 50 pei cent , urine urea 395 mg , urea 
clearance 22 9 per cent , total proteins 7 03 Gm , albumin 4 20 Gm and globulin 2 83 Gm 
The patient’s headaches had disappeared entirch, as had her nervousness, nausea 
and feeling of fatigue In geneial, her subjective symptoms were greath improicd, a 
fact which has been noted and commented upon generally by all woikers iiiespectue of 
the type of operation performed 

It was found necessarj'-, howevei, to begin the administiation of potassium sulpho- 
cyanate, because the blood pressure levels had risen and the patient’s sjmptoms began to 
return as she became active about her house The response to the drug, however, was 
prompt and effective Eight months following operation, the patient’s geneial condition 
has greatly improved and she is cairymg on her daily household duties without any com- 
plaints Her blood pressure levels are m the neighborhood of 170/100 Mm on small 
doses of potassium sulphocyanate, which keep her blood cyanate le\els at an a\ciagc of 
12 mg without any evidence of to\ic symptoms 

The blood chemistry determination January 6, 1939, showed hematocrit reading 42 
per cent, total pioteins 665 Gm , cholesteiol 263 mg , chlorides 538 mg , carbon dioxide 
capacity 477 per cent, uiea clearance 397 per cent, blood urea nitrogen 229 mg , 
phenolsulphonphthalein 10 per cent in 15 minutes The cold piessoi test showed a rise 
from 162/106 to 184/114 Mm The mtioglycenn test showed a fall from 128/72 to 
114/72 Mm The sodium pentothal showed a drop from 140/94 to 120/84 Aim 

Whereas, prior to operation there was hjpertrophy of the left heart as compared 
with the right, six months postoperatively, the size of the heart was w'lthin the upper 
limits of normal and the left side w'as still slightly larger than the right 

This patient then had not shown a diop in the total pioteins of the blood 
upon sulphocyanate administiation befoie the splanchnic neives had been 
sectioned, a 1 espouse which, aftei experience, we have learned to expect when 
the patient lesponds successfully to the chug On the othei hand, following 
opeiation, upon sulphocyanate therapy, theie has been a definite response 
(Chait 4) Moieovei, this patient alone showed a moie piofound leaction to 
the administiation of sodium pentothal following opeiation chaiacteii/ed pat- 
ticularly by the chop in the diastolic piessine As we have pointed out befoic, 
w^e beliece that the chop m the diastolic piessiue is the impoitant factoi to be 
consideied m evaluating any effect produced b} drugs or opeiation upon the 
blood pi essui e le\ els 

Expci niicnfal Expenenccs — Fiom the beginning of oui inteie-'t m this 
pioblem, we have earned on expeiiments in the surgical laboratorc in an at- 
tempt to duplicate the results on animals and to attempt il po<;sible. to de\ise 
expeiimental methods which might help us deteimine how potassium sul- 
phoccanate pioduces its effect and how section of the splanchnic ncrccs in- 
fluences that action 

We chose Goldblatt s method ot producing an ischemia of the Kidnccs b\ 
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Chart 4 — Graph showing blood pressure readings and blood cjanate levels in patient N F before 
and after bilateral splanchnicectomy While the patient was not as resistant to the C3anates before 
operation as other patients, following operation her blood pressure can be kept at a low leiel on small 
doses of cyanates without any danger of toxic symptoms 

placing a clamp on the renal aitenes, as the most satisfactoiy method of pro- 
ducing a hypertension in dogs, which 111 oui opinion simulated hypei tension 
m man as closely as was experimentally possible 

Lindberg, Wald and Barker^ showed that upon administration of sulpho- 
cyanates to normal dogs there was a prompt fall m the blood cholesterol value 
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Chart 5 — Graph which shows the 
action of the cjanates (broken line) upon 
the cholesterols (solid line) in the blood 
in 1 normal dog 
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Chart 6 — Graph which shows the effect 
of the cjunates (broken line) on the total pro 
terns of a hjpertensne dog (solid line) 
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and that there is a definite paiallel between the elevation of the blood thio- 
C3’'anate level and depiession of the blood cholesteiols (Chait 5) Clinically, 
the 1 espouse of the blood proteins lesembles, in most respects, that of the 
blood cholesteiol (Chait 6) In the piesence of this depression of blood pio- 
tein, eithei the albumin 01 the globulin fraction may be moie piofoundly af- 
fected, or both may be equally 1 educed Clinically, a depi ession of the globulin 
portion with theiapeutic doses of the diug has been obseived but expeii- 
mentally, with toxic doses of the diug in dogs there is a piopoitionate sup- 
pression of both the albumin and globulin poitions The fall 111 the eiythiocyte 
count and the hematociit in the blood of the dogs was sti iking The giadient 
IS in most cases very gradual paiticularly duimg the period of administiation 
Following cessation of administiation of the diug, there is a slowing of the 
fall m the led cell count or an actual cessation of the fall The hematoent, 
which shows a much wider response, tends to stabilize moie quickly aftei the 
blood IS cleaied of potassium sulphocyanate 

The livers of dogs fed excessive doses of inoiganic sulphocyanate salts 
show mti acellular fatty vacuolization to a maiked degree These changes in- 
volve the paienchymal cells, which show piactically no tendency towaid re- 
geneiation 01 compensatoiy hypeiplasia Jaundice does not accompany this 
hepatic degeneration, and although theie have been too few oppoi tunities to 
study the effect of the cyanates upon human tissues, the changes m the blood 
cholesteiol and total piotem suggest definite functional hepatic changes 

Bone maiiow sections fiom 11b, steinum and femui show a relatively 
acellular structuie In the least severely intoxicated animals, the 1101 mal ma- 
tiix was leplaced by fat but as toxicity became more seveie the fatty maiiow 
was replaced by a clear, light, eosin-staming gelatinous mateiial 

Anatomic changes m the adienal glands were not found in these expen- 
ments and chemical analyses of the blood with special reference to sugar metab- 
olism, sodium, potassium and chloiide failed to indicate any depression of 
the function of the adrenal gland 

We have been able to show m eveiy expenmental hypei tensive dog that 
administiation of potassium sulphocyanate is followed immediately by a diop 
in the mean aiteiial piessuie In the hypei tensne dog, the hematocrit reading 
uses, as do the total pioteins, blood urea mtiogen and cholesterols in the 
blood Following the diop m blood pressuie aftei administiation of sulpho- 
ejanate theie is a paiallel drop in the hematoent, total proteins, cholesterol 
and blood uiea mtiogen This is iiell illustrated in the case of “Point,” a 
male, German police dog, and has been confirmed in 10 other animals 
(Chart 7) 

In a gioup of six dogs, m Mhich the blood pressure le\el \ias decreased b) 
the administiation of sulphocyanate, bilateial section of the splanclinic nencs 
supradiaphi agmatically was pei formed aftei the animals’ blood had been freed 
from the drug In geneial, ne haee obser\ed falls in the blood pressure lc\els 
following the operation which ha\e been compaialuch more marked and 
longer maintained than in man. but in erer} instance there has been a return 
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able at present and it should come from the combined experiences of more 
than one group of workers 

We can say that our successful results have occuiied m the patients who 
have shown definite responses to tests designed to evaluate objectively the la- 
bility of the patient’s vasomotor responses The accumulation of these facts 
upon a large group of patients from many souices will help answer this ques- 
tion of the value of these tests for operability with finality 

We have been able to duplicate the usual blood chemistry findings present 
in man with hypertension in dogs in which an experimental hypertension has 
been produced by renal ischemia We have been able to reduce the mean 
arterial blood pressuie, the total seium piotems, cholesterol in the blood and 
the hematocrit reading by the admmistiation of the cyanates We have not 
observed a permanent change in the blood pi essure level or the blood chemis- 
try findings of these hypertensive dogs after bilateral section of the splanch- 
nic nerves supradiaphragmatically , but the effect of this operation in these 
animals has been moie striking and is maintained longer than in the patients 
we have studied We have only suggestive data thus far that m the experi- 
mental animals, theie is an increased sensitivity to potassium sulphocj’^anate 
following splanchmcectomy 

Finally, the mechanism of the action of sulphocyanate still remains to be 
explained Westphal and Blum® have suggested that the increase in the blood 
cholesterols in hypertension causes decreased permeability of the arteriolar 
muscle cells They have suggested that sulphocyanate inci eases this perme- 
ability, that the aiteiiolar portion of the vasculai bed relaxes and the arteiial 
blood pressure is thus reduced It is just as possible that sulphocyanate acts 
directly upon a pressor substance to modify its effects, oi that the drug acts 
upon glands of internal secretion or their hoi mones through which the pressoi 
substance acts Or, it is possible that the hypotensive effect of the cyanates 
IS purely incidental to their more general toxic effects Vascular relaxation 
may be simply a part of the depiessing effect upon the livei, bone marrow, 
central nervous system or glands of internal secretion 

Neither our clinical noi our experimental experiences with the problem of 
hypertension allow us to make any definite statements as yet as to the exact 
mode or site of action of potassium sulphocyanate in patients with hypei ten- 
sion 
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Discussion — Dr Max M Peet (Ann Aibor, Mich ) I was partic- 
ulail)’’ impiessed in Doctoi Davis’ communication with the fact that hyper- 
tensive dogs — hypertensive because of the Goldhlatt clamp — did lespond to 
potassium sulphocyanate The idea of the splanchnicectomy, at least as we do 
it, IS to inciease the hlood supply to the kidney We hehe\e that m hyperten- 
sive patients thei e is a Iheoi etical Goldhlatt clamp — m othei woi ds, a continu- 
ous vasomotoi spasm of the lenal vessels The idea of the opeiation is to 
lemove this neiiiogenic clamp 

The fact that Doctoi Davis’ dogs with the clamp in place do lespond to 
potassium sulphoc3^anate shows that the action of the potassium sulphocyanate 
IS not due to an mcieasc m the hlood supply to the kidney It must he fiom 
some othei action 

In 0111 medical clinic, sulphocyanates have been employed to a moi e limited 
extent peihaps than anywhere else, because oui men have not been at all en- 
thusiastic wnth the lesults obtained So the seiies that we have opeiated upon 
has not been cases pioved definitely to be lesistant to sulphocyanate 

I am vei}'’ glad Doctoi Davis has limited his cases for operation to that 
paiticulai gioup, because thiough such special studies we may finally obtain 
a definite knowdedge of the wdiole subject 

Tables I, II and III show' the lesults w'e have obtained m supradiaphi ag- 
matic splanchnicectomy m patients wdio aie not sulphocyanate resistant 
Table I show's all patients whose pieopeiative blood pressures averaged 
over 200 systolic and ovei loo diastolic Immediate postoperative blood pres- 
sure lecoids have little significance Theiefoie, all the leadings included in 
this study w'eie made at least six months aftei opeiation The longest post- 
operative period IS five yeais A gieat many of them belonged in the so-called 
malignant stage, that is, they had hemoiihages in the eyes, exudates, and a 
great many of them show'ed edema eithei of the letina or of the optic disks 
The age gioup, as you w'lll see, is ceitamly veiy impoitant Theie is only 
one, a giil, age i6, in the lo to 20 gioup, but in the 20 to 30 group, there 
W'eie 17 patients, 13, 01 76 pei cent, show'ed definite impiovement in blood 
pressuie Even in the age gioup of 50 to 60, 40 pei cent show'ed a material 
reduction in blood piessure We established the following standaid A re- 
duction 111 blood piessuie, aveiaged fiom many readings, must be over 40 
Mm systolic and 15 Mm diastolic to be considered significant 

Table I 

AGE DISTRIBUTION OE 90 PITIENTS WITH SIGNIFICANT 
REDUCTION IN BLOOD PRESSURE OF A TOTAL OF X94 


CASES 

FOLLOW'- UP 

FROM SIX 

MONTHS TO 

FIVE YEARS 



Total 


Per 


Age 

Cases 

Improved 

Cent 

10-20 


I 

I 

100 

20-30 


17 

13 

76 5 

30-40 


54 

24 

44 5 

40-50 


92 

42 

45 7 

50-60 


30 

12 

40 


The question has been laised, “How permanent is this result?” None of 
the statistics in Table II w'cre obtained from individuals w'ho had been oper- 
ated upon less than six months piior to the check-up examination At the 
time w'e made this study there weie 69 who had only been six to seven months 
Thirty-nine per cent of these w'eie helped But m a group 9 to 15 months 
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postopeiative, 46 pei cent showed improvement and foi the 18 to 30 months 
group, or 42 per cent That the improvement persists is shown m the group 
who had gone 33 to 60 months, where 52 per cent still showed a maintained 
1 eduction Oui total gioup of patients, of all ages, shows a maintained worth- 
while drop in blood pressure in 46 per cent 

Table II 

BLOOD PRESSURE REDUCTION IN CASES GROUPED BY 
LENGTH or POSTOPERATIVE PERIOD 


Number Number Percentage 


Group by Months 

of Cases 

Reduced 

Improved 

6 mos 

69 

27 

39 2% 

9-15 mos 

107 

50 

46 7 % 

18-30 mos 

98 

42 

42 8% 

33-60 mos 

48 

25 

52 0% 


We figuied not only blood piessine improvement, but also impiovement 
111 all the other factois which seem to be influenced either by the high blood 
pressuie or are associated with it Forty-foui pei cent have shown a main- 
tained improvement in then water concentiation, and the same in urea clear- 
ance Symptomatic impiovement was noted by Doctoi Davis m a good many 
of his patients with sulphocyanate We had 87 pei cent of oui patients prac- 
tically fiee of their symptoms of headaches, dizziness, etc I think the most 
significant change, ceitaml}- fiom the economic standpoint, is improvement in 
incapacitation Eighty-four pei cent have shown woith while impimeinent, 
and 58 per cent have had complete lecovery This 58 per cent lepieseiits a 
group who weie completely incapacitated piior to operation and now are back 
at their oiigmal jobs woikmg as hard as ever (Table III) 

Table III 

PERCENTAGE OF CASES SHOWING IMPROVEMENT FROM 
SIX MONTHS TO FIVE YEARS AFTER OPERATION 


Blood pressure 46% 

Water concentration 44% 

Urea clearance 44% 

Symptomatic 8 7 % 

Incapacitation 84% 

(Complete recovery of incapacitation) 58% 


Nom, perhaps, we can add to this group of 58 pei cent anothei gioup le- 
stored to a useful life by sulphocyanate therapy aftei splanchmcectoni)^ We 
have only employed potassium sulphocyanate in thiee individuals at the Uni- 
versity Hospital, after splanchnicectomy I think it is advisable to tvait foi 
some time before administering sulphocyanate, because we have had a good 
many patients whose blood pressure was not impioved in the first month 01 
so, but who later showed a gradual improvement over several months 

We do not figure suigical lesults until at least a six months’ postoperative 
period has elapsed I think we should wait until after that length of time If 
no improvement is noted aftei the blood vessels have had a chance to recover, 
then sulphocyanate should be tiled While w^e have only tried sulphocyanate 
therapy 111 thiee postoperative cases at oui hospital, I have frequently sug- 
gested to the physicians who have refeired cases wFich did not respond to 
splenchnicectom}’' that thej follow the sulphocyanate treatment as outlined by 
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Doctoi Baikei in the jouinal of the Ameiican Medical Association foi Maich 

7 , 1936 

Of the thiee that we have had in oui clinic, two did not lespond to sulpho- 
C3'anate thciapy follotting splanchnicectomy The thud did That patient 
was kept on sulphoct anate foi some time, then the sulphocyanate was stopped, 
the blood piesstiie immediately lose and the symptoms letuined Siilpho- 
cyanate was again administeied but without impiovement 

Dr Alfred Blalock (Nashville Tenn ) I can thiow no light on the 
explanation foi these impoitant findings of Doctoi s Davis and Baiker From 
an academic viewpoint, it seems to be of paiticulai impoitance that patients 
w ith hypei tension and dogs wnth hypei tension due to renal ischemia frequently 
lespond in the same w'ay to this method of theiapy As the expeiiniental 
evidence inci eases, it becomes moie ceitain that theie must be a gieat many 
patients wnth unexplained Iwpei tension m which lenal ischemia is at least a 
partial factoi 

As vou may know if one pioduces ischemia of one kidney by the use of 
the Goldblatt clamp, the blood piessuie wull use foi twm or three weeks, and 
then it IS apt to letuin to the contiol level If aftei this blood piessure re- 
turns to the contiol level, one takes out the opposite noimal nonischemic kid- 
ney, usually the blood piessuie wall use again, wdiich indicates that the non- 
ischemic kidney may be a factor m detei mining the response to ischemia This 
has suggested to a numbei of wmikeis that the noimal kidney may contain 
01 be able to make an antipiessoi substance which plays a role in maintaining 
the normal blood piessure Please beai that m mind foi a moment, as I 
will leturn to it 

In a senes of experiments Doctoi s Levy, Ciessman and I detei mined the 
effects of intestinal ischemia on the blood pressuie By piodticing giadual 
occlusion in multiple-stage opeiations, w’’e could completely occlude the celiac 
axis, the supeiioi mesenteiic aiteiy and the mfeiioi mesenteiic arteiy A 
tempoiary use m blood piessuie occuiied wuth these pioceduies, but the 
piessuie letuined almost but not quite to the contiol level 

If, m an animal with intestinal ischemia, one places a clamp upon the 
arteiy to one kiclne}’’ leaving the othei kidne}'^ undistuibed, m most instances 
one wnll get a sustained use m blood piessuie, which in some expeiiments 
has peisisted now^ up to 20 months 

As stated, umlateial lenal ischemia alone usually lesults m only a tempo- 
iary rise in pressure We have demonstiated the effect of umlateial lenal 
ischemia in an animal in wdiicli complete constriction of the mam vessels to 
the intestinal tiact had been pioduced pieviously Theie was a slight' rise 111 
blood piessuie associated with intestinal ischemia We then pioduced con- 
striction of the ai tery to one kidney, and dm mg a 1 5-month pei lod tins animal 
w^as follow^ed, the mean blood piessuie lemamed at the level of appi oximately 
200 Mm Hg Splanchnicectomy had no effect whatever upon the pressure I 
might say that this animal became piegnant several months ago, dehveied 
foui normal puppies , eclampsia did not occiii 

The only point I am tiying to make is that it wmiild seem that these ex- 
periments thiow doubt on the possibility of obtaining from a normal kidney 
something wdnch will 1 educe the blood pressure in hypertension 

Dr William Jason Mixter (Boston) It seems to me that this paper of 
Doctoi Davis’ bungs up one very interesting point m regard to this whole 
subject of hypertension I think w'^e all have to admit that the subject of 
hj'^pertension is A'^ery much mixed up at the piesent time, the results are not 
comparable m diffeient clinics, and Avh) Ave have these different results m 
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vai lous clinics, we do not know If we could get closer together in oui criteria 
for our surgical procedures, we might be more in agreement in our results 

I think that what Doctor Davis has done m splitting off a small group of 
cases and trying to find out what happens with that one individual group, is 
a very valuable thing, and the moie that we can standaidize even our own 
individual cnteiia and follow them m small groups of cases, the sooner this 
problem will be decided 

Dr George Crile (Cleveland) I have had the opportunity in three in- 
stances of operating for essential hypei tension with a slightly different objec- 
tive Seven years ago, I opei ated upon two cases in which the disease was in 
a very eaily stage, the diagnosis being based pimcipally upon the eyegrounds 
Within the last week, I have had the opportunity of examining one of these 
older cases The patient went through the Clinic and no one who examined 
him could find any sign of essential hypertension I mention this because 
when an early stage of essential hypertension has been established in such 
cases, such as have been leferred to this morning, the fact that surgery can 
accomplish something worth while for them puts us in a position where we 
were long ago when consideimg opeiation for cancel of the breast for example, 
or for appendicitis It was quite a long time before public opinion among 
the mteinists agreed that surgeiy could do something worth while for the 
patient with early carcinoma When that fact was established we had the 
opportunity foi operating early It would seem, from this meager clinical 
experience, that patients operated upon m the early stage of hypei tension that 
this early opeiation will be as effective as an eaily operation is in cases of 
cancer or in the ti eatment of appendicitis 

Dr Loyal Davis (Chicago) I simply wish to emphasize that the adequate 
treatment of essential hypertension by cyanates lequires the establishment of 
an accurate blood cyanate level for the particular individual under treatment 
This level varies with each individual In this way, only, can the patient be 
safeguarded against the symptoms of toxemia which often lesult from the 
injudicious employment of cyanates 

Exactly where the cyanates act and how they act is unknown This re- 
mains a problem for physiologic experimentation, and is one in which we are 
engaged at present 

The excellent experiments of Doctor Blalock and others are important 
steps, which eventually may lead to the explanation of the entire problem of 
hypertension and the effect of any procedure wdiich may be carried out I 
can only say about Doctor Feet’s cases, that I would feel that the cases of 
many of the patients operated upon who have responded so well to splanch- 
nicectomy alone would correspond to the cases of those patients in our group 
who have reacted definitely and sensitively to small doses of cj^anates 


1036 



THE ROLE OF THE PITUITARY GLAND IN WATER BALANCEn 

Peter Heinbecker, M D , 

AND 

H vrvey L White, M D 
St Lobis, Mo 

FROM TIH nFPMlTMfNTt Ot SLU( Hll PHISIOLOCI W VSIII^GTO^ UVI\ EHSm SCHOOL 01 MEDICINE AND 

lUliMS nOSlITVL ST LOUIS, MO 

The problem of detei mining the lole played by the pitmtaiy gland in 
watei balance is not a new one to membeis of the Amencan Surgical Associa- 
tion Cushing^ and his associates w^eie the first to investigate the subject 
from both the expei iinental and the clinical standpoints In then leport of 
1909, they held the view that the loss of the glandulai division of the hy- 
pophysis was lesponsible foi the development of diabetes insipidus This idea 
w^as soon abandoned, and, m 1913. the}'’- postulated that a loss of the posteiioi 
lobe w'as lesponsible They found it moie difficult to con elate this mteipre- 
tation wnth the eiioneous, but wndely accepted, conclusions of Schafei and 
Heiring^ (1905)5 that the extiact of the posteiior lobe of the pituitary nor- 
mally exercised a diuietic function Von dei VeldeiP (1913) and FaimF 
(^913) soon reported, how'evei, their successful tieatment of diabetes in- 
sipidus w'lth pituitim Numeious clinical and pathologic repoits followed, 
which, on anal)'sis, indicated that the significant 01 game changes associated 
W'lth diabetes insipidus w'eie ahvays inti acranial, especially those in the legion 
of the hypophysis and hypothalamus Aschner® (1912) leported that m dogs 
the loss of the pituitaiy gland did not result in diabetes insipidus From this 
and an analysis of clinical cases, von Hann'*' (1918) postulated that diabetes 
insipidus w'as due to a loss of the posteiior lobe but that some anteiior lobe 
must remain piesent 

Investigators in the field became divided into tw'o gioups — the hypothala- 
mists, who held that the hypothalamus w'as piimarily involved m diabetes in- 
sipidus, and the hypophysists, w'ho held that the loss of the pituitaiy gland 
itself was responsible Among the former w'eie Camus and Rouss}'^ (1913 to 
^925)5 Bailey and Biemei® (1921), Cuitis^® (1924), Reichert and Danby^^ 
(^936), and Mahoney and Sheehan^- (1936) Keller and his associates’^^ 
(1936 and subsequent papers) weie first hypothalamists, but m his latest leport 
Keller^’’ (1938) states that diabetes insipidus is due to a lack of antidiuretic 
secietmg tissue normally found in the posterior lobe, stalk, and hypothalamus 
He finds that a submaximal peimanent diabetes insipidus may exist w'lthout 

* This work was made possible b}” a grant from the Committee on Scientific Re- 
search of the American Medical Association to Dr Peter Heinbecker, and a grant from 
the Commonwealth Fund to Dr Harvey L White 

T Read before the American Surgical Association, Hot Springs, Va, Maj ii, 12, 

13. 1939 
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anteiioi lobe tissue, but that antenoi lobe tissue is essential foi a maximum 
diabetes insipidus Richtei^"’ (1927 to 1936), Fisher, Ingiam, and RansoiF® 
(1935 to 1939), and White and Heinbecker^'^ (i937 to 1939) legaid the es- 
sential lesion to be m the neuial division of the hypophysis m which teim is 
included the median eminence, mfundibulai stem, and the pais nervosa This 
division of the hypophysis is undei the neivous contiol of the hypothalamico- 
hypophyseal system Degeneiation of this system leads to degeneration of the 
pituicytes of the neuial hypophysis with a loss of then secieting powei 
Neuial Hypopitysis and the Hvpothalauuco-Hypopliyseal System — In 
1915 and m subsequent jDapeis, Tilney’^ showed definitely that in mammals 
the neuial hypophysis is composed of thiee divisions — the median eminence, 
the mfundibulai stem, and the pars nervosa — while the glandulai division con- 
sists of the pais tubeialis, pais intei media, and the pars anteiioi CajaP^ 
(1894), wmiking on the lat, was the fiist to demonstrate a neuial connection 
between the hypothalamus and the neuial hypophysis Kary-° (1924) re- 
vived mteiest in the subject by ledescnbmg the hypothalamico-hypophyseal 
tiacts and by show'ing that the supia-optic nucleus may be degeneiated in 
diabetes insipidus Trendelenbuig and Sato-^ (1928) advanced evidence that 
an antidiuietic substance could be extracted fiom tissue of the hypothalamus 
(medium eminence, piobably) in the absence of the hypophysis Maiman-- 
(1930) demonstiated experimentally degeneiation of the supia-optic nucleus 
following destiuction of the tiact Bioeis-^* (1932) leported the occurrence 
of diabetes insipidus in dogs after bilateral destruction of the supi a-optic nuclei 
01 a lesion of the stalk pioducing atiophy of the foimei Beginning m 1935. 
Fishei, Ingram, and Ranson^” have published a senes of papeis in which they 
showed that peimanent polyuria followed the production of lesions limited to 
the hypothalamus piovided that the lesion intenupted the hypothalamico- 
hypophyseal tiacts Additional evidence pointing to the anatomic and func- 
tional similaiity of the median eminence, the infundibular stem, and the pars 
neivosa has been piovided by Wislocki and King“‘‘ (1936), who showed that 
on the injection of vital dyes phagocytosis occuired in these three regions and 
111 no othei parts of the hj^pothalamus The failuie of investigators to take 
cognizance of the facts above desciibed has been lesjionsible for much of the 
confusion in determining the anatomic basis for diabetes insipidus 

Anatomic Basis foi Diabetes Insipidus — To deteimme the anatomic basis 
for diabetes insipidus, we have carried out vaiious opeiative procedures on 
the hypophysis, the hypothalamus 01 on both of these stiuctuies of more than 
100 dogs The ajipioach was eithei by the temporal 01 the buccal route The 
lesions consisted of hypothalamic punctures so placed as to mtei nipt the hypo- 
thalamico-hypophyseal tiacts (Fig lA) , high stalk sections (Fig iB) with 
or without lemoval of the glandulai hyjDoph3'sis , low stalk sections (Fig iC) 
w ith 01 wnthout 1 emoval of the gi andular h3q5ophysis , total desti uction and 
lemoval of the neuial h3^pophysis (Fig iD) with 1 emoval of the glandular 
hypophysis In some animals the glandulai Itypophysis was removed twm to 
four months after successful hypothalamic punctiiie The animals w^eie kept 
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iiria Microscopic sections of the hypothalamus and skull of nine such ani- 
mals have shown that we have not succeeded m removing entirely all of the 
anterior lobe In each instance, 3 to 5 pei cent of the pars anterior has been 
found embedded in the scar tissue at the posterior end of the sella In seven 
instances, it was felt that the micioscopic appearance of the cells remaining 
warranted the belief that they were capable of functioning It was not pos- 
sible to exclude the possibility in the two instances where the cells did not 
have a normal appearance The amount of anterior lobe present was not 
enough to prevent atiophy of the gonads and a nan owing of the adrenal 
coi tex 

In animals in which a high stalk section (lesion B, Fig i) was made there 
developed a moderate temporary polyuria one to three times the normal of 
one to thiee days’ duiation, followed by a return to permanently normal water 
exchange level J\IicroscopicaIl3% such biains showed an estimated loss of 
about 50 per cent of the cells of the supra-optic and filiform nuclei The pars 
nervosa was atrophied and hypei cellulai , the glandulai division of the hypoph- 
ysis and the median eminence weie essentially unchanged 

Animals in which a low stalk section (lesion C, Fig i) was made with or 
without removal of the pars neivosa and glandular division of the hy- 
pophysis, showed no increase in fluid exchange or a veiy temporary one of 
one to three days’ duration Microscopically, the brain showed a 30 to 50 per 
cent atrophy of the supra-optic and filiform nuclei, a normal median eminence, 
an absence of the lemamder of the hypophysis in those instances where its 
lemoval was attempted When not removed the pais nervosa became atro- 
phied, the anterior lobe lemaiiied normal It seems clear that the anterior 
lobe leceives an adequate lilood suppty from below or through newly estab- 
lished channels after its complete separation from the brain and even that 
small fiagments of the stalk left behind in the sella in an attempted complete 
removal may survive 

Analysis of the above lesults permits the statement that a maximal polyuria 
never follows unless theie is a complete loss of the supra-optic and filiform 
nuclei 

The Role oj the Anteuoi Lobe m Watei Balance — Our experimental re- 
sults indicate that the permanent phase of diabetes insipidus resulting from 
removal of the neural division of the h)'pophysis is less than the maximal pos- 
sible when the glandular division of the hypophysis is also removed at the 
same operation When the glandular division is removed two to four months 
after maximal diabetes insipidus (8 to 15 times normal) has been established 
by hypothalamic punctuie its loss seems to have no consequences It is not 
possible to state definitely that the small residual fragment of anterior lobe 
(3 to 5 per cent) found in all our dogs of this class is of no consequence, but 
oui present evidence speaks in favoi of this view Experimental proof is 
being obtained to settle the point It is felt that under normal conditions the 
anterior lobe plays a diuretic role Elsewhere in this paper, it will be shown 
that it acts synergystically with the secietion of the thyroid gland in stimulat- 
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tug watei excietion It is possible to leinove oi destioy pait of the neuro- 
hypophysis in such a way that the piesence oi absence of polyuiia depends 
upon the piesence oi absence of anteiioi lobe These findings indicate a 
diuietic effect of the anteiioi lobe, they aie not incompatible with our piesent 
belief that the anteiioi lobe is not essential to the maintenance of a maximal 
and peimanent pol3Uiiia pieviously established by a complete destiuctwn of all 
elements of the ncn) ohypophysis While, as stated above, the evidence for this 
belief is not at piesent complete, we can state positively that maintenance of 
a maximal and complete polyuiia is not impaiied by lemoval of 95 to 97 per 
cent of the anteiioi lobe 

The Effect of Thyioid on Uiine Output — When 01 Gm of desiccated 
thyioid pei kilo is fed to noimal dogs the inciease in mine output usually 
langes fiom zeio to 50 pei cent Thyioidectomy in normal dogs produces 
slight if any peimanent deciease in mine output When thyioidectomized 
dogs are given the above dose of desiccated thyioid then uiine output is little 
if any inci eased 

It has been held by Baines, Regan, and Bueno-^ (i933) otheis that 
the action of pitmtaiy anteiior lobe extiact is mainly through stimulating the 
thyroid gland To test this hypothesis expeiiments weie canned out on dogs, 
some of which had been modified by vaiiotis operative pioceduies, with the 
following results 

It was found that the dail}^ admmistiation of i 7 to 2 cc of anterioi lobe 
extract (025 gi fiesh tissue per cc ) per kilo of body weight usually in- 
creases the uiine output of noimal dogs two- to fivefold, the inciease appears 
within the 24 houi s and lasts thi ee to six days Similai results wei e obtained 
in the hypophysectomized dogs lecovered fiom the tiansient polyuria 

The daily administration foi six to eight days of o i gr of desiccated 
thyroid per kilo pioduces no significant change in the daily urine output of 
either hypophysectomized 01 hypothysectomized-thyioidectomized dogs The 
daily addition for two days of 2 cc of anteiioi lobe acid extiact per kilogiam 
during a period of thyroid administration, beginning aftei six to eight days of 
thyroid, produces in hypophysectomized dogs an inciease in daily urine out- 
put about the same as the anteiioi lobe alone Daily admmistiation foi two 
days of 2 cc of anterior lobe extract per kilo does not pioduce any inciease m 
urine output in the hypophysectomized-thyioidectomized dog within the first 
few weeks aftei thyioidectomy but may produce an inciease, although smallei 
than in the normal or thyioid-fed animal, if given two months or latei aftei 
thyroidectomy The daily administration foi two days of 2 cc of anteiior 
lobe extract per kilo to the h)''pophysectomized-thioidectomized dog during a 
period of thyroid administration (01 gr per kilo daily) shows lesults essen- 
tially the same as those seen m hypophjrsectomized dogs befoi e thyroidectomy 
(Chart i) 

Effect of Thy) oidectomy m Expei imental Diabetes Insipidus — The effect 
of thyroidectomy on the transient phase of diabetes insipidus is to abolish it 
Within 24 to 48 horns Such an effect is, however, not obtained when thy- 
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loidectomy is earned out duiing the peimanent phase of polyuiia In the 
lattei case the effect appaiently depends upon the length of time which has 
elapsed aftei destiuction of the neuial division of the hypophysis The eaihei 
in the peimanent phase tltyi oidectomy is earned out, the gieatei is its anti- 
diuietic effect Aftei foui to six months it was found m the two dogs so 
investigated that no effect at all on mine output lesulted fiom thyi oidectomy 
It can be stated on the basis of oui obseivations and those of Ranson and his 
collaboiators-® (1938) that usually no moie than a 50 per cent decrease in 
polymia, and often less, can be expected fiom th)Toidectom3^ when a state of 
diabetes insipidus exists 111 dogs and cats 

Effect of Thyi oidectomy in Human Diabetes Insipidus — A similar finding 
to that obseived in expeiimental diabetes insipidus lesulted m one human 
case A male, coloied, age 55, uith cential neivous system syphilis and dia- 
betes insipidus of thiee yeais’ 
duiation, which had not 
yielded to antiluetic theiapy, 
was completely thyi oidec- 
toinized in August, 1936 
The pie- and postoperative 
findings are shown m Chait 
2 After thyi oidectomy, thei e 
was a 25 to 30 pel cent de- 
crease m urine output on a 
noimal diet with unrestiicted 
salt intake The patient in- 
sisted that his thiist and 
polymia weie much less dis- 
turbing than befoie opera- 
tion On a low-salt diet the 
aveiage 24-hour uiine output 
aftei thyi oidectomy was es- 
sentially the same as on the 
same diet befoie thyroidec- 
tomy The ui me volume was 
increased less by salt ad- 
ministration and diminished moie by pitressm aftei opeiation than before 
The findings indicate there exists m beef anteiior lobe extiacts a diuretic 
principle which cannot act m the absence ot thyioid in the acutety thyroidec- 
tomized animal but does have a modeiate effect m the chronically thyroidec- 
tomized animal That this diuretic pimciple is not merely the thyrotopic 
hormone is indicated by the finding that with a constant intake of thyroid by 
mouth, insufficient m itself to pioduce diuresis, the thyroidectomized dog 
shows a diuretic response to anteiior lobe administiation which is not effective 
without the thyroid The effect of the thj^roid appears to be that of a sen- 
sitizing agent for the dimetic pimciple of the anterior lobe 
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Chart i — ^desiccated tli>roid o i gm per kilo 
>k. =anterior lobe extract i 7 to 2 cc per ilo P=Phyone 
Where more than two cubic centimeters per kilo of extract 
were given, the figure under the arrow desgnates the dose 
in cubic centimeters per kilo Abnormal female monkey, 
B=:male dog, liypophj sectomized 15 dajs before beginning 
of chart, C=male dog, hypophysectonnzed three months 
before beginning of chart th> roidectomized as indicated on 
chart, D=mile dog hypophysectomized as indicated on 
chart E=male dog hypophysectonnzed 18 days before 
beginning of chart, thy roidectomized as indcated on chart 
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that pitressin acts on the kidney for the following reasons First, Starling 
and Verney-® (1926) have shown that pitressin administered in doses which 
do not affect blood piessure acts as an antidmretic on the isolated perfused 
kidney Second, it has been shown lepeatedly that pitressin does not alter 
the watei 01 salt content of the blood plasma in normal or diabetes insipidus 
animals 01 the colloidal osmotic pressure in noimal animals Third, if pitres- 
sm IS given to an individual aftei a large drink of water, diuresis is prevented 
even when the amount of blood dilution is such as would cause a diuresis had 
no pitiessm been administered 

Tiansient and Peimanent Phases of Diabetes Insipidus and Noinial In- 
tel phase — Following any of tbe above opeiative procedures, there may appear 



Chart 4 — Daily urine output in averages of 20 day periods, creatin 
me and urea clearances and serum urea N before and after establishment 
of polyuria This chart shows the findings on fi\e diabetes insipidus dogs 
Urine outputs are expressed as percentages of the normal, aieraged for 
20 da> periods in all fi\ e dogs and shown as the horizontal lines Left 
section of figure, labeled Normal, shows urine output (100 per cent) and 
clearances during the preoperative observation periods of 24 to S 3 
with the various dogs Transitory phase of polyuria Tr and normal 
interphase N I Horizontal axis expresses time quantitatively after zero 
day 

a transient inciease in fluid exchange varying from two to ten times the nor- 
mal It makes its appearance from several hours to 24 hours aftei operation 
It lasts fiom one to 10 01 12 days and is then followed by a return to a normal 
or nearly noimal level of fluid exchange (normal interphase) In those in- 
stances where there has been a severance of the neural division of the hypoph- 
ysis from its neural connections with the supra-optic and filiform nuclei of 
the hypothalamus, this normal interphase is followed m five to 20 days by a 
ratber sudden return to an increased fluid exchange essentially as great as 
occurred during the transient phase This is called the permanent phase of 
diabetes insipidus The transient phase is considered to be due to a functional 
elimination of the pituicytes b)!- injury On lecoveiy a normal fluid exchange 
results because then secretion is reestablished When a normal interpliase 
precedes a permanent polyuria, its duration is considered to coincide with the 
time necessary for denervated pituicytes to lose their secretory functions 
Cl eatinine and Uiea Cleai ances m Diabetes Insipidus and Hypophysec- 
toinised Dogs — Diabetes Insipidus In general, creatinine clearance is un- 
changed during the transitoiy polyuiia Uiea clearance is somewhat elevated 
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but this IS piobably because of the gieatei uiine flow Creatinine and urea 
clearances duiing the noiinal interphase between the tiansitoiy and permanent 
polyunas aie noimal These cleaiances lemain noimal for one to two weeks 
after the onset of the peimanent polyuiia and then both gradually fall, creatin- 
ine reaching a level approximate!}^ half the noimal by foui to six weeks after 
operation Urea cleaiances fall less than cieatmme and may not fall at all 
even with 50 per cent fall m ci eatinine , this may result m an unusually high 
rate of uiea to cieatmme cleaiance values This situation is complicated by 
the fact that, on the aveiage, the 
mine flows during the clearance 
periods of the permanent polyui la 
were somewhat higher than din- 
ing noinialcy 01 latent period 
This would wmrk in the diiection 
of raising uiea cleaiances A 
slight fall or no change under 
our conditions might have been 
a more definite fall if mine flow 
rates could have been kept con- 
stant during all cleaiance peiiods 
The values have returned not 
quite but almost to normal aftei 
175 days of permanent polyuiia 
The above statements are based 
on 20 creatinine and 22 urea 
clearance values made on five 
dogs preoperatively and at vaii- 
ous times after production of a 
lesion which resulted in per- 
manent diabetes insipidus, wheie 
each clearance value is the aver- 
age of three consecutive 30-mm- 
ute clearance periods (Chait 4) 

Hypophysectomy — Creatinine and uiea cleaiances fall aftei hypophysec- 
tomy with polyuiia and are letuining toward normal at the end of a few 
weeks (Chart 4) 

Response of Dogs with Diabetes Insipidus to Wafei Adiiimisti ation — The 
response of five dogs with diabetes insipidus to the administi ation of 3 per 
cent of body weight of water given by stomach tube has been compared wath 
that of 13 normal dogs and three hypophysectomized dogs without polyuiia 
Urine samples were obtained every 15 minutes by catheterization for four or 
more peiiods, the water was then administered by stomach tube and urine 
samples again collected eveiy 15 minutes for three to four hours or until the 
urine flow reached a noimal level Blood salt dilution w-^as determined by 
measuring the serum specific conductivity in terms of ohmic resistance at in- 
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Chart s — Serum electrolyte dilution and urine 
output responses of dogs to 3 per cent body weight of 
water, serum specific conductivity in reciprocal ohms, 
urine output in cubic centimeters per minute Three 
per cent body weight of water bj stomach tube at 
zero houi except in Figure 8, which shows a control, 
I c , normal dog with no water administration 
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teivalb befoie and aftei the watei administiation , in some cases seium vis- 
cosity was also followed as an index of piotein content Typical i espouse 
cuives aie shown in Chait 5 

The lesults indicate that the diiiietic 1 espouses of normal dogs, hypophy- 
sectomized dogs without polyuiia and diabetes insipidus dogs aie similai It 
is of Intel est to note here that, in contrast, the chioinc human diabetes in- 
sipidus patient shows little 01 no diuretic 1 espouse to 3 per cent body weight 
of watei hy mouth Foi reasons not yet nuclei stood, dogs during the first 10 
days aftei hypophysectomy also show little 01 no diuretic 1 espouse to such a 
dose of watei The results do not suppoit the view of Verney and his col- 
laboi ators^’’ (^933) that the lag m watei output behind watei load represents 
the tune for pieformed pitiessm to disappear In our diabetes insipidus dogs 
theie was presumabl}. little or no piefoimed pitressm present and still the lag 
was similai to that found foi the 1101 mal dog 

Table I 

AVERAGE CONCENTRATION OE URINE AFTER 24 HOURS OF WATER DEPRIVATION 




Creatinine 

Urea N 

NaCI 


Specific 

Mg 

Mg 

Mg 


Gravitv 

Per Cent 

Per Cent 

Per Cent 

Normal preoperative 

I 068 

190 

4270 

1100 

Postoperative diabetes insipidus 

r 035 

145 

1670 

860 

Normal preoperative 

I 064 

220 

4100 

1050 

Postoperative hypophysectomized 

I 040 

160 

2100 

1020 


Ejfect of Watei Dcpnvatwn in Dogs zvith Diabetes Insipidus — The effect 
of depiivmg diabetes insipidus and hypophysectomized dogs without polyuria 
of water for 24 hours is shown in Table I The figuies repiesent the aveiages 
obtained on three dogs of each type befoie and aftei opeiation Diabetes in- 
sipidus dogs can concentiate to a specific gravity of about i 030, but normal 
dogs can concentrate up to a specific giavity of i 065 Neither the noiinal nor 
the hypophysectomized dogs show aii}'^ gi eater concenti ation after 48 hours 
than after 24 hours The diabetes insipidus animal can haidly toleiate inoie 
than 24 hours of w^ater deprivation Aftei that time, giaduallj developing 
weakness becomes marked and unconsciousness supeivenes Restoiative ineas- 
uies, in the foi in of mtiavenous normal saline, aie effective if given early aftei 
the development of such symptoms 

SUMMARY AND CONCLUSIONS 

Experimental evidence is presented to indicate that diabetes insipidus re- 
sults only after functional or anatomic iemo\aI of all the neuial hypophysis, 

1 c , pars nervosa stalk, and median eminence 

The anteiior lobe, wdiile not essential for the existence of the permanent 
state of diabetes insipidus, normally piobably plays a diuretic role 

The diuretic effect of the aiiteiior lobe is not exerted solely through its 

1046 



Volume no PITUITARY GLAND IN WATER BALANCE 

^^lmbcl G 

thyiotiopic action noi in the maintenance of a noimal basal metabolic late 
The anteiioi lobe and the tbyioid appeal to be syneigistic 

Total tbyi oidectomy m human diabetes insipidus may result m a dimmti- 
tioii of uiine output of appi oximately 30 pei cent On the basis of expeii- 
mental evidence, it would be expected to vaiy fiom zeio to 50 pei cent 

Cieatinine cleaiance is unchanged dining the tiansitoiy phase of expeii- 
inental diabetes insipidus Uiea cleaiance is somewhat elevated, probably 
because of inci eased mine flow Dining the noimal intei phase peiiod both 
clearances aie noimal Cieatimne cleaiance 1 caches a level appi oximately 
half the noimal b}'' two to foui weeks aftei the onset of peimanent polyuiia 
It remains down foi a vaiiable time and then giadually 1 etui ns toward 1101- 
inal, which may be almost 1 cached after six months of permanent polyuria 
Uiea clearance falls less tlian does cieatinme cleaiance dining the phase of 
peimanent pol3miia and ma)'' not fall at all Seium uiea uses as cleaiances 
fall eaily m peimanent polyuiia but shows a latei letiiin tow^aid noimal 
Hypophysectomized 01 diabetes insipidus dogs, in which exists a moie or 
less complete chionic deficit of pitiessin, show' no significant alteiation fiom 
the normal m the time lelations of then blood dilution and mine output le- 
sponses to ingestion of 3 pei cent body w'eight of w'atei This is mteipieted 
as indicating that the lag of maximum late of w'atei output behind maximum 
blood dilution aftei watei di inking in the noimal is not due to the time le- 
quired foi piefoimed pitiessm to disappeai Within the fiist week 01 10 days 
after hypophysectomy theie may be only a slight and delayed diuietic 1 espouse 
to w'atei by mouth 

Aftei 24 hours of w'atei depi ivatioii, the ability of hypophysectomized 
dogs wnthout polyuiia and of diabetes insipidus dogs to concentiate urine is 
impaired about 50 pei cent wnth lespect to uiea, 25 pei cent with lespect to 
cieatinme, and unchanged with lespect to chlorides The ability of hypophy- 
sectomized dogs w'lthout polyuiia to toleiate w'ater depiivation is as great as 
that of the normal but that of diabetes insipidus dogs is greatly deci eased 

The authors wish to acknowledge permission to reproduce Charts 2 and 3 from 
Volumes 36 and 38 of the Journal of the Society of Experimental Biology in Medicine, 
and Charts i, 4 and 5 from Volumes 118 and 123 of the American Journal of Ph3'Siologj' 
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Discussion — Dr Loyal Davis (Chicago) The hypothalamus and the 
hypophysis ate veiy closely associated anatomically and functionally In the 
past, It has been very difficult, experimentall3L to produce a lesion of the hy- 
pophysis without pioducing mjuiy to a hypothalamus Consequently, in the 
literature theie has giown up a gioup of “hypothalamists" and a group of 
'‘h}>’pophysists,” each of whom believes that the lesults of their expeiimental 
woik have been due to a lesion of the hypothalamus or, on the other hand, to 
lemoval of the hypophysis 

Diabetes insipidus constituted a veiy perplexing pioblem, to which many 
investigatoi s have paid attention Clinically this has been of great interest to 
neurologic suigeons because of the association of diabetes insipidus with 
tumois appaiently confined to the hypophysis 

Recent refinements m operative technic and expeiimental suigery have 
made it possible to remove a poition of the hypophysis 01 all of that gland 
without damage to the hypothalamus, as Doctoi Heinbecker has shown m his 
work which has been controlled by serial sections of the midbram From an- 
other standpoint, Doctor Heinbeckei’s lesults may be caused as due to a 
lesion of the hypophysis alone because they are duplicated by results obtained 
by Doctoi Ranson as the result of pioducing an electrolytic lesion with the 
Hoisley-Claike stereotactic instiument 

It seems to me that the whole problem which Doctor Heinbecker presents 
so well, lesolves itself to a statement that diuretic processes are entirely under 
control of the anteiioi lobe of the hy^pophysis This is quite distinct from 
the old view that these processes weie undei the control of the posterior lobe 
Therefore, polyuiia may be thought of as resulting from an uncompensated 
activity of the anterior lobe or a disease and, therefore, the result of an im- 
balance between the anterior and posterior lobes of the hypophysis There is 
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still some diffeience of opinion as to the exact mannei in which the anterioi 
lobe exercises this diinetic influence 

Doctoi Ranson and his associates, working upon thyroidectomi/ed cats, 
have obtained lesults similai to those of Doctoi Heinbecker Their work is, 
however, contrary to that of Mahoney and Sheehan who found that diabetes 
insipidus, pi oduced in dogs by a lesion of the stalk of the pituitary gland, could 
be made to disappeai after a thyi oidectomy As both Ranson and Heinbecker 
point out, theie is a stiong piobability that the polyuria of Mahoney’s and 
Sheehan’s dogs was not a permanent one 

Finally, to emphasize the importance of the small aiea in the midbiain 
known as the hypothalamus, I need only to lemind you that just a few milli- 
meters away from the point wheie Doctor Heinbecker has performed his 
opeiations and wheie Doctoi Ranson has made his lesions, are the periven- 
triculai nuclei At the Toionto meeting of this Association some years ago 
we showed that a lesion of those nuclei pi evented the diabetes mellitus which 
could be reproduced in animals by the removal of the panel eas though the 
hypophysis was untouched and leinained intact 
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THE CONTROL OF WATER AND ELECTROLYTE BALANCE 
IN SURGICAL PATIENTS 

J Russell Elkinton, MD, Monroe T Gilmour, MD 

AND 

William A Wolff, Ph D 
Philadelphia, Pa 

FROM THE SUROIC\I SBR\ ICES \ND THE A.! CR Cl IMICtL I,\BonATOn\ OF THE PBS\SVL\ HOSPITAL PHILADELPHIA PA 

The management of water and electrolyte balance is one of the most 
important aspects of modern surger}'- Although this subjedt began to receive 
attention in the tieatment of cholera a centuiy ago,’- the general pioblem has 
been elucidated only within recent years - As a result of fundamental v ork 
in biochemistiy and physiolog}'- a new point of view has developed in the 
tieatment of intestinal obstruction, severe burns and othei conditions showing 
a distui bailee of electrolyte and water balance Piactical methods for the man- 
agement of these conditions in suigical patients have been pioposed by several 
authors, ^ c 7 value of which methods is attested liy a literature too 
voluminous foi citation heie 

Because of certain limitations m methods pioposed to date, fuithei studies 
weie undertaken The present leport desciibes a loutine developed at the 
Pennsylvania Hospital for the control of electrolyte and water balance in 
patients undei going serious suigical proceduies Emphasis is placed on 
simultaneous determination of hematoent values, plasma protein and total 
base as giving a fairly accurate pictuie of the state of hvdiation and electrolyte 
balance 

Physiologic Considei atioiis — From the physiologic standpoint three fac- 
tors must be considered m the care of patients with a distuibance of the w^atei 
and electrolyte balance (i) The degiee of hydiation, (2) the electrolyte 
balance and (3) the state of nutrition These factois wnll be leviewed biiefly 

The w'^ater of the body may be divided into three fi actions Intracellular, 
interstitial, and intravasculai These fractions and the shift of water beFveen 
them are graphically illustrated by Gamble ® The interstitial and the intra- 
vasculai fractions together make up the extiacellulai watei The interstitial 
fi action IS noimally about three times as large as the inti avascular, and is a 
gieat reservoir whose volume fluctuates wndely in \arymg degrees of hydra- 
tion wdiile that of the intiavasculai fi action (plasma volume) is maintained 
at a constant level This extensive leseivoii of inteistitial w^ater, or “swamp 
as Cannon’ calls it, may be relativel) ‘bvet” or “diy,” hut it maintains a steady 
volume in the vasculai tree 01 “river ” 

The essential problem m estimating the degree of h}dration is the determi- 

* Read before the Philadelphia Academv of Surgery, MaA i 1939 Submitted for 
publication Juh 27, 1939 
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nation of the Aolume of \\atei in the ‘swamp” and the “iivei,” the extia- 
celliilai Aolume At the piesent time, methods foi the diiect measiuement of 
tlie extiacellulai watei volume^'’ haAe not been adopted as a loutine clinical 
piocediiie Diiect weights showing seiial changes aie suggestive, but these 
are difficult to obtain in clinics vheie accuiate stietchei scales aie not available 
foi bediidden patients, and fiequently patients aie leceived in a dehydrated 
state uheie the noimal weight is not knoun Piactically, aside fiom clinical 
signs the extiacellulai watei volume can be appioximated only by considei- 
ing indnect evidence obtained fiom its intiavasculai portion, the plasma 
Plasma ^olume is maintained at the expense of mteistitial watei dm mg 
extiacellulai vatei loss, up to a ceitain point Beyond this point, the plasma 
volume diminishes vith lesultmg hemoconcenti ation Hemoconcentration or 
diminished plasma volume, theiefoie, indicates a seiious depletion of the 
extracellulai leseivon,^- but does not measuie that depletion quantitatively 
One of the simplest clues to plasma volume is the hematociit which 
measuies the lelatue propoition of plasma to eiythiocytes * In the absence 
of piogiessne changes in the total numbei of erythi ocytes, such as with 
henioiihage oi with tians fusion, seiial hematocrit values leflect changes m 
plasma volume Although shifts in pn cause some ^allatlon m the volume 
of the eiythiocyte and theieby affect the hematociit value, such changes aie 
negligible in comparison with those lesulting fiom alteiations of plasma 
Aolume Likewise, changes m plasma protein concenti ation, where theie is no 
protein addition oi loss, may i effect changes in plasma volume These detei- 
minalions, theiefoie, may be used to advantage m detecting moie seiious 
degiees of dehydi ation 

The actual amount of watei held m the extracellulai leseivoii is dependent 
on the amount of total base (mostly sodium) present-'^ The electiolyte 
concentrations of the intia- and extiacellulai body fluids are maintained at a 
lemarkably constant level Loss of electiolytes with a paiallel loss of watei 
from the extiacellulai fluid compaitment does not pioduce changes in elec- 
tiol3te concenti ations Only nhen the extiacellulai leservoir of base and 

watei is seiiously depleted is theie a fall in total base concentration in the 
plasma The total base concenti ation by itself, howevei, gives no indication as 
to the total amount of base and watei lost 

Not only the total base concenti ation but the lelatne piopoition of acidic 
and basic constituents is important in a patient with an abnoimal loss of fluid 
containing electiolytes Such loss of fluid may lesult m acidosis or alkalosis, 
in addition to dehydi ation Deteimination of plasma caibon dioxide com- 
bining ponei and plasma chloiides, from which the total base concentration 
may be approximated, is important in following the patient’s electiolyte status 
A detailed discussion of the nutntional lequirements of the seriously ill 
surgical pat ient will not be attempted heie The importance of an adequate 

* Erytbrocj'te counts or hemoglobin concentrations can be used, but in the present 
study the hematocrit has seemed to be the simplest waj to follow this factor 

1051 



ELKINTON, GILMOUR AND WOLFF 


Annalsof fcurgerj 
December, la 39 


intake of carbohydrates and vitamins is well known Protein metabolism in 
smgical patients has received wide attention recently Definite levels of 
plasma protein are necessary to maintain the plasma osmotic pressure The 
role of the edema of hypoprotememia in the prevention of wound healing has 
been stressed by Ravdin Because of these considerations, a knowledge of 
the plasma piotein level is important 

The combination of repeated simultaneous hematocrit, plasma protein, 
carbon dioxide combining power, and chloride determinations gives valuable 



information for controlling certain types of patients The mam types of 
variations of plasma protein and hematocrit values (Chart i) correspond 
roughly to those which occur in cases of abnoimal gastio-mtestinal fluid loss, 
infection, hemorihage and burns 

The degiee of hydration in such cases ma}^ be estimated from these four 
mam values, consideied together with clinical signs This is especially helpful 
uhen the patient is first seen m a dehydrated state where previous daily total 
fluid intake and output are not known When the patient is under observation 
the daily total fluid balance, intake and output, is followed, water loss from 
vaporization being estimated The volume and specific gravity of urine are 

1052 


Volume 110 
^ umber C 


WATER AND ELECTROLYTE BALANCE 


also valuable indices But in the piesent study the combination proposed 
above has seemed to give a more reliable indication of the fluid balance in the 
patient, as w ell as indicating the ei ythi ocyte and plasma pi otein levels 

Methods — The simplicity of making these determinations routinely should 
be stiessed A single sample of blood, 5~6 cc , drawn without stasis into an 
absolutely diy syiinge, is tiansfened directly into a Sanfoid-McGath hema- 
tocrit tube containing an adequate amount of hepaim Aftei centiifuging, 
the hematocrit is read With a few drops of plasma the pi otein ma}- be 
readily calculated fioin its specific giavity as detei mined in Barbour and 
Hamilton’s fallmg-diop appaiatus^® The remaining plasma is then used for 
a determination of the caibon dioxide combining powei and chloride con- 
centration 

Extiacellulai electrolyte concentiations have commonly been expressed in 
a number of diffeient units, such as volumes pei cent, milligiams pei cent, 
and equivalents of o i N NaCl As Gamble^’’ and Butler-® have so cleaily 
pointed out, a complete pictuie of the electrolyte pattern is possible only if all 
of its components aie expressed in the same unit, preferably milliequivalents 
pel litei * 

Since a solution containing electiolytes is electiically neutral, the equivalent 
concentration of positive oi basic ions must be exactly equal to the equivalent 
concentration of negative oi acidic ions Therefore the total base concentra- 
tion may be calculated by an estimation of the total acid concentration The 
latter value may be calculated fiom the plasma carbon dioxide combining 
power and plasma chloiide concentration’ by converting these figures to 
milliequivalents pei liter and adding 25 Meq/L foi the lemaining acid 
ladicles, as follows 

CO2 comb power = 60 vol % X o 45* = 27 M eq /L 
Chlorides (as NaCl) = 600 mg % X o 17* = 103 M eq /L 
“R” (HPO^ , SO4 , organic acid, protein) = 25 M eq /L 


Total acid = total base = 155 M eq /L 

* Conversion factors for changing the usual units to milh- 
equivalents per liter 

Specimens of urine collected at the same time as the blood sample is taken 
should be examined for albumin and acetone, and, 111 the absence of evidence 
of marked renal damage, ketosis, or hypopi otememia, “R” may be assumed to 
equal about 25 M eq /L The resultant figure for total base, although not 
absolutely correct, is sufficiently accurate foi most clinical purposes 

Theiapy — The routine just described gives very definite indications as to 
the type of fluid needed A low or falling hematocrit value usuall}’- indicates 
the need for whole blood transfusions A low protein concentration is a prime 

* A milhequivalent is the equivalent weight of an ion or molecule in milligrams For 
example, one milhequivalent per liter means 23 mg of sodium ion, 61 mg of bicarbonate 
ion or 35 5 rng of chloride ion, respectively, per liter of solution 
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indication foi plasma ti ansf usioii when the hematocrit value is noimal oi 
above noimal (as m bums) Piotein is sui^pliecl while at the same time blood 
cells aie not added to a vasculai system alieady i datively ovei loaded with 
them Maintenance of the plasma protein level with inti avenous ammo-acids 
as reported by Elman and Weinem^ has not been attempted in this study 
Paienteial fluids are given to a gieat majoiity of patients accoiding to 
1 datively simple lules Noimal saline (usually containing 5 pei cent glucose) 



Diyi / 2, 3 H S- C 7 V ^ to n li. i:i I'i 

Chart 2 — C ise i Ilhistntes the folIowinR pointN 

(ij Alnrhed rise in hematocrit foilowing a iiegatne fluit! h ihnce of one chi (the d^i of opera 
tioii) nhich suggests nreviotis clci’ktion 

(2) Lick of simultmeous rise of proteins suggesting i loss of protein md indiciting phsnn 
tnnsfusion 

(3) Sitisfictorj postopentive course despite se\enl negati\e hahnees 

is gnen in equal volumes to leplace losses of abnoimal fluids (gastiic, biliaiy, 
panel eatic, intestinal) which nevei exceed plnsiologic saline concenti ation, 
plus an allowance of i to 5 Gm of mdmm chloiide for urmaiy excretion 
The balance of watei foi insensible loss, estimated to he between one and 
two liters IS given as a solution of 5 pei cent glucose in distilled watei Undei 
this legimen most patients showed an adequate uiinaiy output of one btei 
pel day 

The estimation of elect! olyte needs m the patient with a serious watei and 
electiolyte depletion has been attempted m seveial wa}s One easy method 
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tions (corrected for normal plasma volume) may be extended to the entire 
extracellular volume This calculated amount of base with an adequate amount 
of water will lestoie the depleted extracellular fluid volume to a point some- 
what beyond that necessary for maintenance of a normal plasma volume but 
not necessarily to a noi mal state 

Because 90 per cent of the base in the exti acellular fluid is sodium, all 
calculations and base leplacements may be conveniently refeiied to the sodium 



Chart 4 — Case 3 Shows the initial dehydration indicated b> a high hematocrit and plasma protein, 
a low total base, and their response to water and electrolyte therapy 

ion The calculated sodium ion requirement is given as sodium chloride, 
sodium bicarbonate, or sodium lactate, accoiding to the requirement for 
acid 10ns 

The derivation of the formula follows The observed concenti ation of 
plasma total base m milliequivalents per liter (B) is corrected by the ratio of 
the plasma protein concentration in grams per cent at normal hydration (Pn) 
to the observed plasma protein concentration (Po) This value is subtracted 
from 155, the normal concentration of extracellulai total base in milliequivalents 
per liter The difference is multiplied by a factor made up of the equivalent 
weight of sodium, 23, multiplied by o 2 of the body weight in kilograms (W), 
wdiich is the approximate fraction of the body made up of extracellular fluid,^° 
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multiplied b}^ o ooi to change milligiams to giams The result is the grams of 
sodium ion i equii ed 


Gm Na"^ required = o 0046 W 



The same calculation can be made using hematocrit instead of plasma pro- 
tein values Howevei, the ordinaiy hematocrit leading as obseived (Ho) and 
the reading at normal h3'’diation (Hn) are converted to plasma volume and 
expiessed as a ratio of plasma volumes pei unit volume of cells, which is the 
factor desiied foi collecting the obseived plasma total base concentration (B) 
This ratio is expressed thus 


(100 - Ho) Hn 
Ho 


(100 - Hn), or 


(100 — Ho) Hn 
(100 — Hn) Ho 


The final equation theiefoie becomes 


Gm Na"^ required = 0 0046 W 



(100 — Ho) HnB\ 
(100 -- Hn) Ho / 


The sodium ion requiiement can be conveited into grams of sodium chloiide, 
sodium bicarbonate, and sodium lactate, by the factors 25, 36, and 4 9 
respectively 

The accuracy of the calculations of the base requirement by eithei of the 
above equations depends upon knowing 01 being able to estimate fairly accu- 
ratel}'- the hematocrit value or plasma protein concentration at normal hydra- 
tion 111 the anemic patient where the hematocrit value at normal hydration 
IS not known, the plasma piotem may offei a moie accurate basis for calcula- 
tion Wheie neithei the hematocrit noi plasma protein values at normal hydra- 
tion can be estimated, the formula cannot be used In such cases moie empiric 
methods aie lequired, such as giving fluids up to 6 per cent of the bodj'' weight 

The application of this formula is illustrated in Case 5, L Del Q , as 
follows 


Body weight at normal hydration 
Initial total base 
Initial hematocrit 

Estimated hematocrit at normal hydration 


= 95 Kg 
= 1^2 M eq /L 
- 62 per cent cells 
= 40 per cent cells 


Calculated sodium ion requirement = 

( (100 - 62) X 40 X 132'' 
155 - — rrrr 

(roo — 40) X 62 ^ 

Actual amount of base given (net) 

Pinal hematocrit 
Final total base 


= 44 I Gm Na'*' 

= 35 6 Gm Na"^ 

= 41 per cent cells 
= 152 M eq /L 


The results of the application of this foimula m a small series of patients 
are tabulated m Table I It must be remembered that it is the net sodium ion 
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lequirement being calculated, allowance should be made for simultaneous 
sodium losses 


Table I 

RESULTS or THE APPLICATION OP FORMULA FOR CALCULATION OF THE SODIUM ION 

REQUIREMENT 

Hemato- 
crit or 


Body Protein 

Weight Initial at Calcu- Final 

at Hemato Normal lated Actual Hemato- 


Patient 

Normal 

Hydra- 

tion 

Kg 

Initial 

Total 

Base 

Meq/L 

crit or 
Protein 
% Cells 
Gm % 

Hydra- 
tion 
% Cells 
Gm% 

Base 

Require- 

ment 

Gm Na-^ 

Amount 

Base 

Given 

Gm Na''" 

Time 

Inter- 

val 

Hours 

crit or 
Protein 
% Cells 
Gm % 

Final 
Total 
Base 
Mtq /L 

L DelQ 

93 

132 

62 

40 

44 I 

33 6 

48 

41 

132 

A J 

J H 

85 

140 

9 2 

7 0 

19 2 

17 6 

48 

7 2 

ISO 

Period I 

62 

134 

48 

40 

16 S 

21 0 

72 

43 

143 

Period II 

62 

140 

S3 

40 

22 6 

17 8 

84 

38 

158 

Period III 

62 

138 

32 

38 

24 3 

22 2 

72 

38 

ISi 

P G 

60 

138 

37 S 

30 

IS S 

16 3 

72 

32 

164 


Although the above formula stresses the need for base, the requirements 
for acid ions and water must be kept constantly m mind Electrolyte and 
water losses in dehydiation should be replaced m ph3'siologic proportions 
About three-quartei s of the total base requirement is usually given as isotonic 
saline and the lemamder as sodium lactate or bicarbonate In the presence of 
a lowered carbon dioxide combining power oi chloride concentration in the 
plasma, these constituents must be restored to normal levels by the administra- 
tion of additional sodium chloride, bicarbonate, oi lactate as indicated Dis- 
legaid of these piecautions in replacing electrolytes may lead to a dangerous 
alkalosis oi acidosis The sole aim of this piocedure is the restoration and 
maintenance of physiologic concentrations and amounts of basic ions, acid 
ions, and watei 

All efforts to legulate electrolyte and water balance depend ultimately 
upon the activity of the kidney This oigan must excrete or cons,erve base in 
accordance with body needs, dispose of surplus acid ions by forming ammonium 
salts which appear m the urine, eliminate metabolic waste products, and conti ol 
the water content of the blood In performing these functions the kidney in a 
normal adult produces one oi two liters of urine per da}’' Water deprivation 
to the point of reduced urine output interferes with renal control of acid-base 
balance and causes a retention of urea and other products Correction of 
acidosis, alkalosis and dehydration with physiologic saline is possible only 
because the kidney functions pioperly Even then, one or two days may be 
required foi the attainment of normal conditions Definite advantages result 
from the parenteral administiation of electrol)'^tes and water in physiologic 
proportions and amounts as recommended m this paper The acid-base 
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imbalance is collected within a few houis The kidney is spaied the burden 
of eliminating the unnecessaiy electiolytes 

The use of the values — hematocrit, plasma piotein, and total base esti- 
mated from chloride and bicaibonate— is illustiated in the appended ten cases 
In the chaits, a base line is diawn at 7 Gm per cent and 45 per cent cells 
as a simple convenience Actually there should be “a normal zone” between 
6 and 8 Gm pei cent and 40 and 45 pei cent cells As regai ds intakes and out- 
puts, the total intake includes all 01 al and paienteial intake The total output 
includes uiine, vomitus, any diainage fiom the gastro-intestinal and biliary 



Chart 5 — Cnse 4 Shows the first 20 postoperatis e da>s and illustrates the sIo\\ budding up of i 
negative fluid balance, a diminished fluid reserve is indicated b> a rising hematocrit before the total 
base falls to significantlj low levels 


tracts and watei of vaporization which is appioximated betA\een one and two 
hteis, depending on the patient’s size, temperature, and the weather The 
piobable eiroi m the total output is at least 200 cc 

ILLUSTRATIAE CASE REPORTS 

Case I — A D, Negress, age 57, had been tomiUng and showed signs of intestinal 
obstruction of one week’s duration A cecostonn avas performed for large bowel obstruc- 
tion due to carcinoma of the descending colon The carcinoma was later remoaed ba the 
rilikuhcz procedure (Chart 2) 
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Case 2 — G T , white, male, age 49, was diagnosed as having a carcinoma of the 
stomach Following a period of building up of the red cell level, a subtotal gastrectomy 
was performed Convalescence w'as satisfactory (Chart 3) 

Case 3 — A J , Negress, female, age 40, had had vomiting, obstipation and abdominal 
distention for three days At operation an adhesive band constricting the terminal ileum 
was released Convalescence was uneventful (Chart 4) 

Case 4 — J H , Negro, male, age 54, had had a subtotal gastrectomy performed for a 
gastric ulcer, which was followed by complete and partial obstruction caused by post- 



Chart 6 — Case 5 Shows 

(1) Rapid and severe deh\dration due to a sudden e\cessi\e loss of sodium salts and water 

(2) The moderate reduction in total base le\el is deceptive because it does not indicate the 
enormous loss of electrolyte, recognizable only b\ considering hemoconcentration in conjunction with 
total base level 

(3) The hematocrit first indicating a satisfactory response to therapy while the total base still 
remained low 

(4) The positive sodium ion balances necessary to restore the patient to completely normal levels 

operative adhesions for 40 days, necessitating a second celiotomy and jejunostomy During 
this time he was sustained entirely bv parenteral therapy Subsequent recovery 

Case s — L Del Q white, female, age 42, suffered from diabetes, severe obstructive 
jaundice and pain Cholecystostomy performed and a common duct stone was subsequentlv 
passed Between the twelfth and thirty-srvth postoperative hours 5,000 cc of bile drained 
externally, and patient became severely dehydrated and anunc She responded to massive 
parenteral therapy Convalescence was uneventful (Chart 6) 

* We are indebted to Elizabeth Dudley, B S , MS, Department of Pediatrics, School 
of Medicine, University of Pennsylvania and the Children’s Hospital of Philadelphia, for 
the sodium determinations on this patient 
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Case 6 — H B , white, male, age 33, had had a liver abscess aspirated at celiotomy, 
with subsequent peritonitis and death Autopsj revealed veiy extensive multiple liver 
abscesses and fluid in the abdominal cavity (Chart 7) 

Case 7 — H W , white, male, age 58, had had a posterior gastrojejunostomy per- 
formed for obstruction of the duodenum due to carcinomatosis Postoperatively, the 
patient bled from his stoma and, despite a reoperation, died (Chart 8) 

Case 8 — P , Negro, male, age 43, sustained first and second degree burns of both 
lower arms and hands Treated locally with tannic acid and silver nitrate Subsequent 
convalescence was uneventful, and no skin grafts were necessary (Chart 9) 



Ch\rt 7 — Case 6 Shows 

(1) The extreme! j severe shock immedntel> after operation and the response to therapy 

(2) The secondary dehydration as CMdenced by the rising hematocrit 

(3) The marked loss of protein when at the same time the hematocrit was rising Phsnn 
transfusions should ha\e been given during this period 

Case 9 — J C , white, female, age 14, sustained second and third degree burns of 
entire back, buttocks, posterior surface thighs, and right hand (20 to 25 per cent of the 
body surface) Treated locally with tannic acid and silver nitrate Sjstemic reaction 
fifth and sixth days Recovery'- without skin grafts (Chart 10) 

Case 10 — A R, white, male age 25 months, sustained second and third degree burns 
over entire back and most of chest and abdomen Immediate tanning vith tannic acid 
and siher nitrate and subsequent skin grafting Acutely toxic and moribund on third day, 
with improvement following the administration of adrenal cortical extract (Chart 11) 

Discussion — Strict control of electrol}te and yyater balance t\as necessary 
in less than lo per cent of the suigical patients in the wards of the Penn- 
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sylvania Hospital Studies weie begun on admission of every patient showing 
clinical signs of dehydration, intestinal obstruction, oi seveie bums, and also 
on those patients in whom extensive suigeiy of the gastro-intestinal tract was 
anticipated Piolonged biliaiy oi gastiic diainage was consideied an impera- 
tive indication foi electi olyte and watei balance control Prompt quantitative 
leplacement of the pioper fluids has reduced the expected mortality rate and 
facilitated lecoveiy in many instances 



Chart 8 — Case 7 Illustrates the occult hemorrhage re\ealecl bv the falling hematocrit while the 
protein le\el was being maintained Hemorrhage was subseijuentlj confirmed by tarry stools 

Eveiy patient was an individual pioblem, and, while the general trend of 
values followed the types shown in Chart i the time lelations and magnitude 
of changes varied fiom patient to patient The particular detei minations 
made on a given patient depended upon the physiologic problem involved, and 
the kind and quantity of parenteral medication had to be redetermined at 
frequent intervals 

There seems to be some justification in presenting another formula for 
calculating electi olyte lequirement The emphasis should be shifted fiom 
neutral salt to total base, which is the factor that determines the amount of 
water held in the tissues Analyses will indicate the appropriate acid ion, 
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bicarbonate, chloiide, or lactate, foi balancing the base given Foimulae pio- 
posed by othei autliois have neglected the factoi of hemoconcentration, not 
only as an indicatoi, in itself, of loss of exti acelliilai watei, but as a clue to 
loss of extiacellulai base not shown by plasma electrolyte concentiations 
Even with this collection the formula (as with those pioposed by othei s) 
suffeis fioni the fact that the actual or optimal volume of the interstitial 
leser^oll is not accuiately known Foi piactical pui poses oui calculations 



Chart 9 — Case 8 Sho^^s 

(1) The early marked loss of protein at the same time tint the blood is npidh conccnlntinR — 

1 prime indication for plasma transfusion 

(2) The response to therap) evidenced b> hemodilution and rise of the plasma protein lei cl 

(3) The seiere sjstemic disturbance that may folloii a relatneh small burned area 

have been based on the assumption that total extracellular fluid volume 
amounts to 20 pei cent of the body u eight Hone\ei, the use of these 
appioximate calculated values maiks an advance over arbitrary rules so 
prevalent in the eail}'' da)^s of paienteial therap} 

UiiaAmidable difficulties aiise in the contiol of watei and electrol}te balance 
m patients with anemia, hypoproteinemia, and cardio\ascular or renal disease 
Although establishing a base-line in patients with a deficiency of er\throc}tcs 
01 plasma piotein is meiel} a guess seiial detei minations in this t}pe of patient 
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are valid In patients with cardiovascular disease the route and rate of 
parentei al administration of fluids must be modified in order to avoid circula- 
tory embarrassment The damaged kidney, m many instances, is unable to 
conserve base and eliminate acid ions preferentially, or to handle large quanti- 
ties of electrolytes In those patients with low levels of plasma protein, the 
administration of the calculated quantity of electrolyte may produce edema 



Chart lo — Case 9 Shows , , , e 

(1) The early hemoconcentration ^\^th the marKcd loss of protein 

(2) The rise in plasma protein following the initiation of plasma transfusions 

Furtheimoie, patients losing large amounts of protein thiough the kidney 
seldom benefit from plasma transfusion 

CONCLUSIONS 

Electiolyte and water balance in suigical patients may be evaluated fairly 
accurately by simultaneous determinations of hematocrit value, plasma protein, 
chloiides, and carbon dioxide combining power From the two latter figures 
the total base is approximated Hemoconcentration, as shown by a rising 
hematociit or plasma piotein value, is an indication of serious depletion of 
the extracellular water A falling total base concentration indicates seiious 
extracellular base depletion, and, when corrected for hemoconcentration, may 
be used to calculate the amount of base required 
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The analytic lesults also indicate the type of paienteial fluid needed, eithei 
whole blood, plasma, physiologic saline, bicaibonate and lactate, or glucose 
in distilled watei Such a loutine has been found valuable in those patients 
presenting seiious problems of fluid balance 

The autliors wish to thank Dr Walter E Lee and Dr John B Flick for their 
encouragement and for access to the patients on their Services, and to acknowledge the 
assistance of Miss Marian Janne}'-, and of the hospital clinical and laboratory staffs The 



Ch\rt II — Case lo Shows 

(1) The very marked protein lo=.s in the presence of hemoconceiitration 

(2) The hemodilution in response to plasma transfusions and parenteral fluid with maintenance 
of the protein level 

(3) The substitution of blood foi plasma when the hematocrit fell well below normal, and a 
satisfactorj response in hematocrit let el 

authors are also indebted to Drs John Scudder and C R Drew of Presbtterian Hospital, 
New York Citj’-, for demonstrating the hematocrit and plasma protein methods and results 
on their patients 
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THE COMBINED USE OF ZINC PEROXIDE AND SULFANIL- 
AMIDE IN THE TREATMENT OF CHRONIC, UNDER- 
MINING, BURROWING ULCERS DUE TO THE 
MICRO-AEROPHILIC HEMOLYTIC 
STREPTOCOCCUS >= 

Frank L Meleney, MD , and Harold D Harvey, MD 

New York, N Y 

FROM THE BWCmOLOGICS.!, RFSEVUCir LVnOttVTORl OF THE DEPARTMENT OP SURGERl COLUMRU. F R&ITl \M) 

THF SURGICXL SERMCE OP THE PIlESn\TFRHN HOSPITAE, XE« lORK, N A 

The succcssruL tieatment of chronic undei mining, bun owing ulceis 
with zinc pei oxide has been repoited in foui pievions communications^ 
and has been confiimed hy seveial othei authois These infections are 
being seen and lecognized wnth iiici easing fiequency, but theie is still undue 
delay in then diagnosis and in the institution ot propei tieatment The 



Fig I — Case i—on admission Note the e\ten«ive undernimiiiR of the skin and 
in between the femur and the ham<lring niiiticles The saphenous vein is intact Imt 
thrombosed There is no ^^angrene of the skin There is in ilmost 90° contracture 
of the knee 

chronicity as wtell as the extent of these extiaoidmaiy defects in the sin face 
of the body lendeis them certain to be contaminated with many diffcrenl 
species of bacteria Some of these organisms aie mere contaminants and 
sie present in small numbeis only Othei s find the suiface exudate suitable 
for lapid multiplication, but they do not penetiate the tissues Still othei s 
aie able to invade the deepei tissues of the liody and take part m the infection 

’^Read before the American Surgical Association Hot Springs Va MaN ii 12, 

13 1930 
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itself Foi these leasons, a numbei of different organisms which have 
frequently been found to be associated with these ulceis have been considered 



Fic 2 — Case i — ig chjs after excision and before skin graft New epithelium 
IS growing in at the margins The caaity beneath the femur is smaller An attempt 
was made to save a skin flap for the gioiii, but this was not worth while No activity 
of infection developed at the site of ligation of the saphenous vein near the femoral 



Pjq j Case I — 26 da>s after excision, seven dajs after skin graft Some of the grafts 

hate fused with each other and with the marginal epitheliura 


the etiologic agents when the really significant oigainsm has not been ob- 
tained on culture The essential organism has fiequently been missed simpiy 
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Fig 6 — Cise 2 — just befoie operition Note the ulcention extending over but 
not exposing the thyroid caitihge Undermining extends down to the claMcle and up 
to the mandible LmiijiIi nodes on the jugulai \ein at the angle of the jaw and 111 
the tip of the parotid weie iiuohed and were iemo\ed 



Fig 7 — Case 2 — late result se\en months after complete healing 1 he oidj 
Thiersch graft case in the series The skin moves freely o\er the thjroid cartilage a 
movements of the neck 11 e onlj slightly restricted 
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Fig 8 — Case 4-— on 'idmission Note the 
shaggy base of the ulcei on the aim and the 
extensive undermining w ith daughtei ulcerations 
forming as peiforatioiis fiom beneath The axil 
lary ulcer is smaller though oldei and tno sinuses 
extend upuaid to the Ijniph nodes No gross 
connection could be found between these ulcei s 
and the arm lesion ma\ ha\e lesulted fioni in 
(dilation of the smface 


Fig 9 — Case 4 — thiee months after ex 
cision one month after complete he ding Abduc 
tion of arm onl\ shghth limited Stai soft 
and pliable 




f 




III 10— Ca--e {} — on admission abo it ti o wicJ' ifttr 7 nc jurovd'- I -'ll 
used It I^ oinions that •'dtiiiiatc contact wav no* po vihlt in cirlaii nav \ t 

bridge betvecn a daiuhler iilctr 11 d the man ulcer iv ■■hoi n \ vI tn * ,1 ' c’ 

had been left hav curled up Td the-c is ac*iic intccti-i • I's 1 „v.- 
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Fig II — Case 6 — on 'idmission Note the skin bridges and the rolled in, undermined 

margins 
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Fig 12 — Case 6 — on admission The flaps are e'^tensneb undermined The tip 
of the upper clamp enters a small perforation of the skin from beneath there are 
two other areas of activity below where adequate contact had not been possible 
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flaps where the inflammatory process is often most active On certain oc- 
casions, also, during the couise of tieatment, when the oiganisms have been 
largely removed from the wound, some little area of lecuirent activity has 



Fig 13 — Case 6 Healing- complete 39 days after excision and 29 
days after skin graft There had been a little mechanical erosion of the 
marginal epithelium uhich promptK healed over 

shown the leactivation or persistence of this organism Theiefore, even 
though we have not been able to produce this disease m animals and thus 
fulfill Koch’s postulates foi the final proof of etiology, we feel confident that 



Tic 14 — C-isc 6 — time ‘:nme is in Fi;,iirc ij Ilcilinp complete of 
tloniiiR ind rccciMtifj ireis 


its invariable jmescnce at times m pure culture establishes it as the ctiologic 
agent for this clinical entit}, and \se behe\e that the failure of othcr'^ to find 
this organism m these lesions can be traced to faulty or inadtc|uatc methods 
of bacterial cultnation 

Laborator\ studies with these organisms ha\c shown them to be micro- 
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Tig J5 — Case 6 — time same as in Figure 14 Healing of leg complete There is a 

slight decree of foot drop 

aeiophilic hemolytic stieptococci lying inlei mediate between the aeiobie 
hemolytic stieptococci and the stiictiy anaeiobic hemohtic stieptococci, pie- 



Fig 16 — Case 14 — on admission \ote the rclati\el} small ulceration in the aailla T«o 
sinuses ha\e biirroned through the pectoral muscles from beneath 


{erring for then multiplication a i educed oxidation-reduction potential in 
their environment When they are in this state, they have certain under- 
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Fig 17 — Cnse 14 — three cHjs nftei complete excision of the diseosed tissue Zinc 
peroxide is adheient to fieshlj cut suifoce No lepiii is jet Patient piostiated 
hitjh teiiiperntuie ind 111 clehuum both of uhicli ceased on iiithdiaual of sulfainhiiiide 



] ir iS — Ca-.e 14 — ao dass aftei cxci'-ion just before skin ri ift (lood f,r iiiiil itiiiK siir 
f ice Ecl^es art adherent and new epithtlniin is f,rowin!, in 

mining bin lowing piopensiticb, which niciy be linked nji with then prefcicnec 
^01 a paitiall} anaeiobic enviionincnl After a few tran^iilantations on aiii- 
ficial media, these oigainsins can be made to giow rcadile under ordinari 
aeiobic conditions \Vhen this has occuiied the usual tests ajijihed for tlie 
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Fig 19 — Case 14 — 41 clajs after excision, 12 da>s after skin graft Healing complete 
Abduction of arm onl\ shghtlj limited 



Fig 20 — Case is — on admission Chronic infection of ig >ears’ standing has re 
suited in redundant folds of skin oxerlying a maze of sinus tracts undermining the 
skin and extending up to axillarj nodes 


differentiation and classification of hemolytic streptococci do not show any 
significant differences between these oiganisms and aerobic hemolytic strep- 
tococci obtained from other human lesions All that we have tested fall into 
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Lancefield’s® Gioup A and into heterogeneous groups according to fermenta- 
tion reactions or agglutination tests 

For this leason, when sulfanilamide was found to act favorably m oidi- 
iiary hemolytic streptococcus infections, this drug uas applied m instances of 



Tig 21 — Case 15 — on admission A condition similar to tint iinoUiiiK the axilh in 

the right groin and scrotum 

these lesions also Sometimes this drug has been used m the ticatmcnt of 
these cases by doctors vho have not taken the tiouble. or have not bad the 
facilities, to make bactei lologic studies We haie attempted to employ it in 
the treatment of the last 20 cases, ^\hIch ha\c come under our care aftei 
thorough bactenologic studies had been made In tliese cases, we ha\e u‘'efi 
sulfanilamide either alone 01 in conjunction with 7 inc pei oxide 

The use of zinc pei oxide has certain disad\antagcs becau-'C its acti\it\ 
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Fig 22 — Case 15 — 13 months aftei final 
healn ft which was comfilete in se\en weeks aftei 
operation Right axilla Cavitj lined with epithe 
hum Scar somewhat keloidal — softened bv 1 idio 
therapy Abduciion onlj slightlj limited 



Fig 23 — Case 1=; left axilla of case shown 111 

llglllL 22 



34 — Case 


Thirteen months after final healing of perineum which was complete 
se\en weeks after operation 
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depends upon its close application to the 
infected tissues These may be deep 
under skin flaps or deep down m sinuses 
or in the centei of lymph nodes In 
most cases, this lequnes a piehminaty 
surgical pioceduie, in oidei to expose 
these tissues m such a mannei that the 
zinc peroxide can be piopeily applied 
It would obviously be of gieat advan- 
tage if some medication could be mtio- 
duced into the body tin ough the cn dila- 
tion, which would leach the advancing 
maigiii of the infection eithei undei die 
skin 01 deep down m the tissues 

Sulfanilamide acts most diamatically 
m the early stages of an acute infection 
caused by the hemol3^tic streptococcus 
wheie theie is a condition of cellulitis 
without ail}'- neciosis of tissue, wheie 
the blood suppl}'’ has not been shut ott 
b}'^ thrombosed lilood vessels and whei e 
the drug can dififuse out into the tissues 
and come m close contact with the 
oiganisms Where theie has been a 
neciosis of tissue oi abscess foimation, 



Fig 2 $ — Case i6 — on admismon Note tlu 
telatively limited undermining Howe\er, the dc 
gree of induration around the lesion iirevents 
adequate contact b> zinc pero\ide without pit 
liminarj excision 



Fig 26 — Case 17 — 29 dajs alter excision, iS dats alter shin prait Epitlielizaiio i 
IS complete The new epithelium is cjanotic from too rap <1 ocpcndcnct x iich sho ii 1 
haxe been atoided 
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Fig 57 — Case 17 Si\ months after complete healing 

the cuiative effect with sulfanilamide is definitely limited and suigical diainage 
with liquefaction and removal of the dead tissue is lequiied before healing 
can take place 



jtjq 28 Case 19 — on admission Breast is completely undermined and hanging by two 

pedicles, with an ulcer in between and on either side 

Lockwood,” in 1938, reported his experiences with sulfanilamide m hem- 
olytic streptococcus infections and showed that the presence of peptones 
markedly interfered with the bactericidal action of sulfanilamide on the hemo- 
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lytic sti eptococcus This may explain the lelative inefficiency of the drug in 
chionic sti eptococcus infections and in the late stages of acute oi subacute 
infections when theie is a consideiable amount of necrotic tissue in which 
the split pioducts of piotem, such as peptones, aie present m large amounts 
Swift , et al have found that sulfanilamide has not been effective in iheu- 
matic fevei and othei subacute oi chionic sti eptococcus infections and that 
toxic manifestations ai e moi e fi equent in these cases Recent work by Fox^^ 
ct al on sulfanilamide fiom the viewpoint of oxidation-i eduction potentials of 



Fig 31 — Case 20 — 21 dajs after excision two da>s after skin Kraftiiii; All but two 
nr three grafts ha\e become adherent 

the environment and the electiical leactions of stieptococci suggests that a 
lowering of the oxidation-reduction potentials towaids anaeiobic conditions 
01 the lowering of the iso-electiic point of the bacteiia may mteifeie with 
the bactericidal action of sulfanilamide It is to be expected, therefoie, that 
theie might be limitations oi difficulties in the administration of sulfanilamide 
111 cases of undei mining, bin lowing ulcer 

However theoretical these considei ations may be, it i\as only by practical 
expel lence that the lelative value of these two drugs could be detei mined, 
and the steadily increasing number of the cases that have come under our 
observation in the last few years has given us an unusual opportunity foi 
this study 
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The 20 cases included in this repoit do not diffei fundamentally fiom 
those pi eviously desci ibed They fall into the tin ee main gi oups ( i ) Post- 
opeiative, (2) lymph node involvement, and (3) secondaiy contamination 
of an accidental wound 01 a pieviousl)'- existing infection Oui cxpeiience 
with these cases has confiimed om pi eviously stated opinion that the oigan- 
ism is a hemolytic sti eptococcus, nhich has become adapted to an anaeiobic 



Fig 32 — Case 20 Si\ months after final healin,' 


eiiviionmeiit eithei vhile lesiding in the intestinal tract oi \agiiia of tiu 
patient oi while smoldeimg in a lymph node 

Each case has ceitain featuies of its onn and at tlic same time shows the 
fundamental chaiactei istics of the disease entit} In ceitam aicas whcic the 
skin is thick and probabl}’’ lesistant to neciosis, the bin rowing piopciwitiC' 
of the organism outw'eigh the ulceiating propensities Tliese icgions .irt 
the peiineum and buttocks, vulva scrotum and axillae Here multijilc ^niu‘-e'' 
aie common and ulceiation is genciall} limited 

The secret of success with 7inc pei oxide depciuH ujion thne lnnflainenl.il 
requirements, and the tieatment of the cases which haie come to iw from other 
doctois who haee emplo}ed ^mc peroxide unsuccc'^'^fnlh ha*' biiii at null m 
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one of these three categories The first is the material itself The Du Pont 
Chemical Company, which manufactured the zinc peroxide originally used and 
found to be effective, has been the only chemical company consistently able to 
manufactui e effective material The Mei ck and Malhnckrodt Companies have 
tiled to do so, but have failed and aie nou planning to distribute the Du Pont 
pi oduct undei its distinctive name, "Z P O ” A number of doctors who 
have attempted to use zinc peroxide m the tieatment of these ulcers, even 
among our own acquaintances, have simply asked their pharmacies to obtain 
some zinc pei oxide without specifying the souice They have then been given 
eithei the Merck oi Malhnckrodt mateiial and have used it without obtaining 
satisfactory results The importance of certain physical properties of this 
mateiial are of fundamental importance because while the chemical content of 
zinc pel oxide in the powdei may be high, the oxygen may not be mobilized 
or made available The piehminary heating m a dry oven at I40°C for four 
hours not only steiihzes the powder, but mobilizes the oxygen When added 
to sterile distilled watei, after the sterilization and activation process, effective 
material always flocculates quickly as a soft, curdy mass, leaving a clear super- 
natant fluid, and it is soon lifted up by the foi mation of oxygen bubbles This 
test should always be made before using any particular preparation 

The second most important feature of the tieatment is to obtain close 
contact between the zinc peroxide and the infection With many of these 
ulceis, theie aie deep, undei mined skin flaps and deep sinuses which prevent 
close contact of the medication unless there has been a prehminary operative 
pioceduie undei taken in oider to expose the advancing margins of the in- 
fection In many cases, it is obvious when the patient first comes to the 
doctoi that this must be done and it should be done without delay In other 
cases, wheie there is no obvious necrosis of the subcutaneous tissue or in- 
dui ation of the margin, it may be wise to ti eat the lesion conservatively for a 
peiiod of a week oi ten days At the end of that time, it will be clear whether 
01 not adequate contact with the mateiial has been obtained, because in those 
aieas wheie adequate contact has been made, bright red gianulations will 
gi ow up and if the margin is attached new epithelium will gi ow in In those 
areas where theie is no subsidence of the infection or evidence of repair, it 
it reasonably ceitain that the zinc pei oxide is not coming into adequate con- 
tact and these areas must be exposed or excised 

The thud essential featuie of the treatment is the prevention of evapora- 
tion The oxygen is conveyed fiom the zinc pei oxide to the tissue by means 
of water When zinc pei oxide is suspended m watei, oxygen is given off 
into the watei, hydrogen pei oxide is formed and the oxygen is then trans- 
feired to the environment This leaves H2O, which then takes up more 
oxygen from the zinc pei oxide If the zinc peroxide dressing is allowed to 
dry, this action stops 01 is greatly diminished and the dry material may 
mechanically iriitate the wound whenever the patient shifts his position The 
tissue fluids and the body exudates may act as catalytic agents, but the activity 
of the zinc peroxide suspension is at its best only when extraneous moisture 
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IS present For that reason, the zinc peroxide must not only be applied to 
every part of the wound surface, but the wound sui face must then be covei ed 
with a double layer of fine meshed gauze soaked in the suspension This 
helps to maintain contact, but must, in turn, be covei ed by gauze compi esses 
or sheet cotton wet with watei The whole dressing is then sealed nith 
vaselmed gauze or, better still, gauze impregnated with zmc oxide ointment, 
which IS more impermeable to the air and does not nutate the suiiounding 
skin This impeimeable covering should have a wide margin aiound the wet 
compi esses, so that slight movement of the pait will not displace them In 
leg or forearm ulcerations, it is possible at times to use lubbei sheeting to 
seal the dressing, but this is not practical on other parts of the bod} 

When these thiee features of the tieatment have been earned out, it has 
been invariably successful and in the last 20 cases theie ha\e been no fatali- 
ties Of these 20 cases, one leceived zinc pei oxide alone, one leceivcd sulfan- 
ilamide alone, and the othei iS leceived both In eight, the sulfanilamide nas 
employed befoie the zinc pei oxide, m eight, 111 conjunction vith zinc pei oxide 
both forms of treatment staitmg at the same time, and in two attei the ticat- 
ment with the zmc pei oxide had been begun 

Of eight cases in which sulfanilamide was used betoie the zinc pei oxide 
there was no evidence whatever of any favoi able effect in seven In one case 
in which we were determined to give sulfanilamide a prolonged tiial, theic 
was a tempoiary improvement, but aftei seieial weeks, piogiess came to a 
standstill Then the infection became active again even with continued medi- 
cation 

In eight cases, the sulfanilamide and zinc peroxide were begun at the 
same time In one of these patients in whom the infection had entered 
through a draining sinus fiom a tuberculous hip and had then pioduced ex- 
tensive superficial ulceiation with undermining, because of the impossibilil} 
of intimate contact, the zinc peroxide was used for only a biief peiiod Im- 
provement continued with the use of sulfanilamide and the ulcer finally healed 
leaving, however, the tuberculous sinuses -which aie still diaining, two }cais 
later Credit in this case must be given wholl)’^ to the sulfanilamide Two 
othei cases m this gioup w^eie given sulfanilamide along with the zinc pei oxide 
treatment wnthout discomfoit and possibly wnth some benefit Two others 
took the sulfanilamide for 14 and 19 days, lespectively, but asked to ha\e it 
stopped because of a disturbance of digestion Withdiawing the ding had 
no effect on the progiess of healing In the other three patients of this giouj) 
the drug w^as highly toxic, one was delirious for fiie da}S the otlui foi foui 
days One of these had to be lestrained Reason was restored in both ea‘'C‘> 
promptly after withdraw'al of the drug The third was e.xtremel} nauseated 
and ran a high tempeiature for four da}S Roth simptoms jiroinptl} divip- 
peared wdieii the drug was stopped 

Of the two lemaining cases which reccncd snhanilamide ‘•onutmie a't<i 
the administration of zinc peroxide in one the healing process ^tciind tn 
show a definite spurt when su/tainlamKle was gi\cn but 11 h.id t'* h< du'-on- 
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tiiiued aftei four days because of nausea and anoiexia In tlie othei case, 
theie was mduiation of the maigin which had not been hi ought under contiol 
with the zinc peroxide because the pieliminaiy opeiative iDrocedure did not 
permit adequate contact To obviate fuithei operation, sulfanilamide was 
tried and the infection then came definitely undei contiol 

Mention should now be made of the conti ol cases — one i eceiving sulfanila- 
mide alone and the othei zinc pei oxide alone The first patient had an ulcei 
beneath the bieast of nine months' standing Six operations had failed to 
halt the pi ogress of the infection Sulfanilamide was started and in six days 
there was sti iking iinpi oveinent It was discontinued for seven days and 
the activity of the infection lecuiied The diug was leadministered with 
steady impiovement and final healing, but it took 20 weeks from the time of 
admission The othei patient had a lesion of the buttock and perineum in- 
volving the anus, of foui years’ duiation It w^as excised and zinc peroxide 
was applied Skin was giafted on the nineteenth day and it was completely 
healed in 40 days When the othei 18 cases are consideied with them, it 
may not be fai wiong to considei these last two cases as repi eseiitative of the 
lelative value of these two foims of tieatment m chionic, undermining, bur- 
1 owing ulcei It is possible foi sulfanilamide to lesult in the healing of 
certain of these cases without the use of /me pei oxide This is not only 

illustrated by one of oui cases (Case 19), but it has been leported by others 
Howevei, the piocess of healing was veiy much longei than in the cases 
treated with zinc pei oxide alone 01 wath a combination of the twm foiins of 
treatment 


BRIEF SYNOPSES OF THE 20 CASES TREATED 
Cases Receiving Sulfanilamide Before Zinc Peromde 


Name 
Hist No 


Location 


Type 


Duration of Period of 
Disease Treatment 


Course 


Case I Leg and Contam 6 mos 

H K thigh Abscess 

S 2 I 038 
Adm 
5 - 28-37 
Disch 

8-19-37 
(Figs 123 
4 and S) 


Case 2 Neck Lymph 4 mos 

J G node 

SSS 200 
Adm 

8- IS-38 
Disch 

9- 26-38 
(Figs 6 

and 7) 


II \%ks Befort admission 

Multiple boils 2 yrs — one on leg took on 
new aspect n ith ulceration undermining up 
inner surface of thigh to groin Burrowed 
beneath bone to outer surface of thigh 
Given sulfanilamide No improvement 
Toxic rash 
After admission 

Excision inner aspect Incision outer as 
pect Zinc peroxide Skin graft 

35 das Before admission 

Three children had ear infections Patient 
developed sore throat and node on right 
side of neck Ice bag ultraviolet light in 
cision Sulfanilamide No improvement 
Repeated incisions, ulceration, undermm 
mg 

After admission 

Excision Zinc peroxide Sulfanilamide 
intermittently because it upset digestion 
Thiersch graft seventeenth day 
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Brief Synopses or the 20 C^ses Treated {Co7ihvned) 

Cases Receiving Sulfanilamide Before Zinc Peromde (Conltnucd) 


Name ^ ~ Duration of Period of 

Hist No Disease Treatment 


Course 


Case 3 

H 0 

397 208 
Adm 
9-6-38 
Disch 
10-17-38 

Penis and 
scrotum 

Contam 

Abrasion 

2}4 yrs 

40 das 

Before admission 

Gians penis below meatus became red 
V ashes for 2 mos — no effect Abscess in- 
cised Cystostomy — open 13 mos Bougies 
passed Infection flared up Ulceration 
under penis with undermining extending 
up over shaft and into scrotum Sulfanil- 
amide more than i mo — no effect 

After admission 

Excision Zinc peroxide Skin graft 

Case 4 

N P 

564 28s 
Adm 
10-31-38 
Disch 
12-30-38 

Axilla 
and arm 

Lymph 

node 

8 mos 

S8 das 

Before admission 

Nurse canng for hemo strep meningitis 
case No known wound of hand Devel- 
oped node in left axilla Incised Kept 
on draining Inoculated onto arm in 2 
places Opened and drained Gradually 
became large ulcer with wide undermining 


Ultraviolet cod liver oil sulfanilamide 3 
uks Toxic for W B C Stopped 
After admission 

Excision ulcer Lymphadenectomy Skin 
graft 


Case s 

Leg 

Contam 

6 mos 

4 wks Before admission 

E N 


Mosquito 


Mosquito bite became infected Incised 

569 248 


bite 


and later excised Sulfanilamide many 

Adm 




weeks — no effect Mercurochrome, car 

12-26-38 




bohe acid azochloramide alcohol balsam 

Disch 




bnihant red and strapping All of no av ail 

1-14-39 




Ifter admission 


Finally excised Zinc peroxide Oxj- 
quinoline at the last 


41 das Before admission 

Took care of husband with sore throat 
Developed sore throat herself and then 
swelling in right groin Sulfanilamide by 
mouth and prontosil intramuscularly daily 
for 143 das , mercurochrome dichloramine 
T and saline locally Scarlet fever anti 
toxin 5x 1\elch antitoxin 2x Transfusions 
10'- I or^ prontvhn dressings locally Later 
alternating gentian violet and mcrcuro 
chrome Vaccine on i t4th day After 
sixth dose developed ‘erysipelas v hich 
extended down to kg and foot loc ilinn 
there Incisions Increased ilo-e- o' il- 
ranilamide Blool level II me per cent 
Started "inc peroxide, i iirrediatc irnp^ovr 
mca* but did not , ct idcquat' ton'ac* 
Iftrr oi/ruis lor 

Etc -td Emc Sria , ' dt le''’’i 

dav 


Ca-^c 7 Thigh 

LMTlph 

2 %tN M Dtfcrr 


R V 

^0 Je 

Spi -'♦t- n 

frr'j f’r r * t'l 

Seen and 


< V f 

ft 11 1 r 0 >’"* - / * 

and treated 


0 

L C<' ^ *** 

in pnv atco - 




flee only 


ff r 

** 



^ 0 r zc 




r.* 

r- I .■ 



30^7 



Case 6 Grom Lymph 6 mos 

H H thigh and node 

569 33S leg 

Adm 
12-30-38 
Disch 

2-13-39 

(Figs 8 9 10 
II 12 13 
14 and 15) 
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Brief Synopses of the 20 Cases Treated {^Conhmied) 

Cases Receiving Sulfanilamide Before Zinc Peroxide {Continued) 


Name 
Hist No 

Location 

Type 

Duration of 
Disease 

Penod of 
Treatment 

Course 

Case 8 

J H 

561 802 
Adm 
9-27-38 
Disch 

4-1-39 

Behind 
ears, both 
axillae, 
scrotum, 
perineum 

Contam 

Boils 

Axillae, peri- 
neum and 
groins 6 yrs 
Ears 8 mos 

145 das 
in 

hospital 

Before admission 

For years had pimples and boils Infection 
in groin spread down along scrotum to 
penneum About same time developed 
same lesion in axillae 8 mos ago he be- 
came inoculated behind both ears Many 
hospitals many opinions many operations 


Steady spread 
After admission 


Sulfanilamide Improvement 2 ivks then 
standstill Gentian violet Cod liver oil 
Repeated transfusions Infection active 
again 

Zinc peroxide Immediate improvement 
Needed more exposure Too conservative 


Cases Receiving Sulfanilamide With Zinc Peroxide 


Case 9 

Hip and 

Contam 

T B sinus 

P M 

thigh 

TB 

S'A yrs Ulcer 

499 980 
Adm 
10-3-36 
Disch 
12-9-36 


sinuses 

16 mos 

Case 10 

J D 

Axilla 

Lymph 

node 

6 mos 


S4li 884 
Adm 


4- 27-38 
Disch 

5- zi-38 


10 wks Before admission 

Limped as child of 3 Diagnosed by -x-ray 
as tuberculosis of hip Developed sinus in 
mid thigh and later one near hip 16 mos 
ago ulcer developed around sinus — grad 
ually spreading extensively 
After admission 

Given sulfanilamide and zinc peroxide but 
after i wk latter was stopped because 
could not get contact Improved steadily 
with sulfanilamide Grafted 

25 das Before admission 

Little finger abraded at football Node 
became swollen m axilla Opened and 
drained 4x All kinds of antiseptics lo 
cally Dakin s mercurochrome maggot 

fluid Transfusions Ulcer with over- 

hanging skin flap 
After admission 

Zinz peroxide applied Took sulfanilamide 
without discomfort Rolled in margin cut 
away Skin graft 


Case II Perineum Contam 26 yrs 

J T and scro Boils 

531 057 turn 

Adm 

9- 27-37 
Disch 

10- 24-37 


26 das Before admission 

Began with a boil on the nght buttock 
Incision prolonged drainage Repeated 
operations Never healed Diagnosed 
T B , but no organisms found (Johns Hop- 
kins Hosp ) Cnbriform openings right 
groin Sinus extending down along scro 
turn and up on other side 
AJler admission 

Excision Zinc peroxide Skin graft Sul- 
fanilamide taken — some nausea 


Case 12 

Left 

Contam 

Axilla 12 yrs 

c s 

axilla 

Boils 

Penneum and 

446 461 

perineum. 


abdom wall 5 

Adm 

abdom 


yrs 

7-24-38 

wall 



Disch 




10-6-38 





70 das Before admission 

Has had pimples for years Sores devel- 
oped 8 yrs ago in left axilla undermined 
and formed an ulcer S yt® ®80 infection 
began on lower abdomen and perineum 
Diagnosed TB pig negative Frei nega- 
tive 

After admission 

Excision Skin grafts Sulfanilamide 14 
das Stopped because it upset digestion 
Healing delayed by inability to stay quiet 
after skin grafts 
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Brief Synopses or the 20 Cases Treated {Covlinued) 

Cases Receiving Sulfanilamide After Zinc Peroxide {Continued) 


Name 

Hist No 

Location 

Type 

Duration of 
Disease 

Period of 
Treatment 

Course 

Case 18 

Groin, 

Lymph 

S mos 

4 mos 

Before admission 

J s 

abdom 

node 



Abraded toe Node in groin Incised 

489 587 

and thigh 




drained Ulcer formed and spread up on 

Adm 





abdomen and down thigh Multiple in- 

6-23-36 





cisions Many antiseptics Strep serum 

Disch 





injected around ulcer Injection areas 

10-28-36 





broke down 

After admission 

Excision and zinc peroxide Femoral 
nodes involved Removed piecemeal on 
several occasions Femoral artery became 
involved, hemorrhage Artery and vein 
partially excised Skin graft Prontosil 
given 4 das with apparent spurt in wound 
healing Stopped because it upset stom 
ach 



Case Receiving Sulfanilamide Alone 

Case 19 

Breast 

Contam 

9 mos 

20 wks 

Before admission 

L B 


Pimple 



Began as a pimple near nipple Abscess 

SOI 444 





developed Incised and drained Con- 

Adm 





tinued discharge Finally ulceration began 

10-20-36 





and the whole breast became undermined 

Disch 





After admission 

12-24-36 





Sulfanilamide started with improvement 

(Figs 28 and 





in 6 das Stopped with recurrence m 7 das 

29) 





Started again and continued No zinc per- 
oxide Plastic repair hastened healing 



Case 

Receiving Zinc Peroxide Alone 

Case 20 

Perineum 

Contam 

4 yrs 

40 das 

Before admission 

W A 

and 

Boil 



Began as boil on side of anus Incised 

546 r88 

buttocks 




Kept draining Gradually undermined all 

Adm 





around anus and out on buttocks with 

4-6-38 





multiple sinuses and cnbnforra openings 

Disch 





After admission 

S-18-38 





Excision Zinc peroxide Skin graft No 

(Figs 30 31 





sulfanilamide 

and 32) 







Technic of Tieatment — ^We believe that the ideal treatment of these cases 
IS as follows When the patient first comes to the hospital and after the 
diagnosis has been made by the clinical appearance of the lesion and con- 
firmed by caieful anaerobic as well as aerobic bactenologic studies, zinc 
peroxide powdei suspended m steiile distilled water in the consistency of 
40 per cent cieam, should be applied to the wound according to directions 
mentioned above, due care being taken to use effective material, to get con- 
tact and to prevent evaporation This dressing should be removed daily 
At the same time, sulfanilamide should be administered by mouth, i 2 Gm 
every four to six hours If the patient toleiates the medication and there are 
no toxic symptoms, such as jaundice, destruction of led cells or white cells, 
high temperature or delirium, sulfanilamide should be continued If toxic 
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symptoms supervene, it should be stoiaped If aftei one ^^eek tlieie aie an} 
areas of activity, one can be sure that an opeiative pioceduie is lequned to 
permit more adequate contact with the zinc pei oxide Such in\oIved aieas 
should be excised as far as can be done with safety to the life of the patient 
Treatment should then continue as befoie If theie is any eMdence of pei- 
sistent activity aftei anothei week’s time, fuithei suigical attack should he 
instituted at once with a widei maigin of excision 

It should be well understood that aftei suigical excision, toi the fiist thiec 
01 foul days, the zinc peroxide is veiy adheient to the fieshly cut sui faces, 
which have a giay, ineit appearance, and it is difficult and unnecessaiy to 
wash off this adherent material One is struck by the absence of inflaminatoi \ 
phenomena such as swelling oi pain Exposed nerves may be painful at 
first, and aftei the application of zinc pei oxide, for a peiiod of 15 minutes 
to an houi, theie may be an uncoinfoi table burning sensation If this occiiis, 
it may be greatly amelioiated by flushing the wound surface with 2 pei cent 
novocain befoie the leapplication of the zinc pei oxide On the fouith 01 
fifth day, little aieas of bright led gianulation will appeal and these mil 
lapidly inciease in size until the whole uound is covered Then pain and 
sensitivity completely disappear As soon as new epithelium glows in fiom 
the margin, w^e are assuied that skin giafts wnll take In most instances, the 
small deep grafts aie most suitable and theie should be almost 100 pei cent 
success The giafts should be held m place by a single layei of coaise meshed 
gauze sealed at the skin maigin wnth collodion They should then be tovcied 
with fine meshed gauze wet with saline and cut to the pattern of the wound and 
then wnth wet saline compi esses and sealed with vaseline 01 zinc oxide oint- 
ment for 24 horns The following day, the zinc pei oxide suspension should be 
applied over the coaise meshed gauze, gauze compi esses 01 sheet cotton, wet 
with distilled w^ater, added and the diessmg sealed as before In another 2q 
houis, the coaise meshed gauze may be removed and the zinc pei oxide applied 
directly to the giafts All living grafts will be w^ll attached and pink by 
that time 

As soon as new^ epithelium begins to giow out fiom the maigins ()f the 
giafts, if cultures fail to reveal any viable hemolytic stieptococci on anaciobie 
culture. It IS well to change over to o 5 per cent ox} quinoline ni ^ per cent 
scarlet led ointment which seems to stimulate the lapid growth of cinthclmm 
and hasten the final closure of the wound 
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Peroxide on Certain Surgical Aeiobic, Anaerobic and Micro-Aerophilic Bacteria 
Annals or Surgery, log, 881-911, June, 1939 
® Pennoyer, G P The Value of Zinc Peroxide in the Treatment of Chronic, Under- 
mining, Burrowing Ulcer, Due to the Micro-Aerophihc Hemolytic Streptococcus 
Annals of Surger\, 106, 143-145, Julj’’, 1937 
® Mullen, B P Chronic, Undermining, Burrowing Ulcer of the Abdominal Wall North- 
west Med, 36, 232, July, 1937 

‘ Rhoads, J E The Use of Zinc Peroxide in Micro-Aerophilic Infections Surgery, 
2, 937-942, December, 1937 

® Lancefield, R C The Antigenic Complex of Streptococcus Haemoljticus I Demon- 
stration of Type Specific Substance in Extracts of Streptococcus Haemolyticus 
J Exper Med , 47, 91-103, 1928 

® Lockwood, John S Observations on the Mode of Action of Sulfanilamide and Its 
Application to Surgical Infections Trans Amer Surg Assoc , 56, 318-324, 1938 
Swift, Homer F, Moen, Johannes K, and Hirst, George K The Action of Sul- 
fanilamide in Rheumatic Fever JAMA, no. No 6, 426-434, February, 1938 
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Discussion — Dr Wm Barclay Parsons (New Yoik, N Y) Doctor 
Meleney is to be congiatulated foi adding another chaptei to his biilliant 
woik on this veiy impoitant type of infection Doctoi Cutlei’s lemarks on 
surgical tiaining and suigical possibilities, etc , aie tvell exemplified in Doctoi 
Meleney’s woik He has been mteiested in the symbiosis of oiganisms and 
Its effect The “symbiosis” of a caieful, well-tiained suigeon and the bacte- 
iiologic laboiatoiy, also, has its veiy definite effect 

We have heaid so many enthusiastic lepoits on the use of sulfanilamide 
that one can perhaps he pardoned if one takes a little pleasuie in healing a 
leport not too enthusiastic about the use of sulfanilamide, and yet that is not 
so trivial a point of view as it may seem, because here, theie is an attack 
based upon a veiy definite set of ciicumstances, and it is perhaps reasonable, 
as Doctoi Meleney pointed out, that sulfanilamide should not have such a 
stiikmg success in a chionic, thick-walled, fibrotic, dense aiea as it would in 
a flesh, new infection wheie the drug can he delivered to the organisms 
He did not emphasize, as perhaps he might have, although he has em- 
phasized it, I think, m other communications, just that exact point, namely, 
the delivery of the agent to the oiganism and the preparation of the wound 
so that the agent can be delivered to the organism 

The first point that he has mentioned as essential to success in this type 
of treatment, namely, an effective material, is reasonably obvious, and he has 
mentioned in other papers the difficulties that he has had at times, and which 
others have likewise had, with an imperfect material 

Secondly, the question of absolute contact of the material depends so 
essentially on the adequate piepaiation of the wound It is much like the 
Cai rel-Dakin treatment during the Avar, a good many people said ‘ Oh, that 
IS no good at all,” and then it Avas reasonably obvious that those individuals 
Avere not pi eparmg then Avounds for the use of the Dakin solution as t ley 
should have That is so essential in these Avounds, ceitam examples o Aviicn 
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he has demonsti ated Control of evapoiation, of couise, is impoitant so 
that the mateiial can continue to act 

A fouith, and ceitainly equall}^ impoitant element is the diessing of these 
cases Doctoi Meleney has nevei suggested, I think, although I susjiect him 
of feeling it, that the leason foi the dela}'' in some of these cases that iieie 
handled foi weeks and months elsewheie and then came to him and weic 
cleaned up, was the fact that they had not been caiefully and piopeil} and 
thoioughly handled When he dresses one of these cases, the iihole thing is 
just as though it were a majoi opeiation — gowns, gloves, and all the technic 
that lie consider essential to a majoi opeiative pioceduie, and the dicssings 
aie done with the most meticulous caie It is advisable duiing the whole 
couise of the case that these diessmgs should be done by one man, oi at most 
by two, who aie m daily attendance upon that paiticulai patient 

This IS a veiy interesting conti ibution, and I think it is of leal inteicst 
that the oiigmal scheme which he devised leally is the successful one, and 
that only in a few of the cases does the sulfanilamide act as a heljiful 
adjuvant 

Dr Robert I Harris (Toionto, Canada) The impoitance of Doctoi 
Meleney’s conti ibution this moining and those of pievious occasions cannot 
be ovei estimated While this condition is laie, the magnitude of the suigical 
pioblems it presents is so gieat that onl}'- the principles which Doctoi Melcnc) 
has laid down have piovided us ivith any means of handling the otheiwise 
msupeiable difficulties Adequate exposuie of the wound, the use ol an 
agent which will piovide an atmospheie of high oxygen tension o\ei an 
adequate peiiod of time, and now the use of sulfanilamide aie the essential 
points in tieatment 

Doctor Meleney has pointed out that the use of sulfanilamide piodiiccs 
marked impi ovement, sometimes biilhant lesults, but that it is not fice of 
difficulties, especially because of its toxicit)’- It is in this connection that I 
wish to call to the attention of Doctoi Meleney and the fc’Iow^s of this Asso- 
ciation that the concomitant administration of nicotinic acid, in doses of 50 
mg foui times a day, 1 educes the toxic symptoms of sulfanilamide -ver} 
greatly and fiequently eliminates them In an exceptional!} difficult jiiobkm 
of this type wdiich I have had to handle recently, the use of nicotinic acid 
tiansformed oui pioblem This is an empiiic use of nicotinic acid foi which 
I am indebted to my medical colleague Di Huist Eiown 

Dr Herman E Pearse (Rochestci X Y) 1 do not think n is sui- 
piising that sulfanilamide does not increase the action of /me jici oxide for 
/me pel oxide is so efficacious in and of itself One complication that wc ha\( 
had m the use ot this agent is not fiom the diiig itself, but m the picpaiation 
of the wound Wc have one instance of dissemmatioii of mfcctioii with 
generalized sepsis and metastatic abscess Undci these circumstaiui s ,• nil 
chsseinmation of infection, sulfanilamide might be of \alnc I In)])! it v ill not 
be a digicssion to mention another use of /me jici oxide Rcccnth vt hid a 
case of"Y elch bacillus infection in an open wound winch cimld in-i in tk ‘i<d 
up and the wound could not be hc.ilcd Rocnlgc notlii r.ipc snlf md 'ui.ec 
and man} othei local mcasnus wcic tried It was thin ir< lo d v nb /t- 
peroxide Inch resulted m 1 rajnci subsidence ot the micrti/.p 
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of undermining ulcei where we were dealing with an organism, which is 
mici o-aerophilic, that is to say, intei mediate between the aerobes and the 
anaeiobes Natuially, theiefoie, we applied it at once to the whole series 
of suigical anaerobic bacteiia In the neai future, m the Annals or 
Surgery, theie will appeal a paper which gives our laboiatory, and, to some 
extent, oui clinical expeiiences with anaeiobic infections and with the organ- 
isms pioducing them 

The scatteimg of oiganisms into the blood stieam at the lime of operation 
must be boine in mind, and excessive manipulation of the tissues must be 
avoided This complication must be vei}'’ raie, however, because it occurred 
m only one of 40 cases which we have seen This case was included in the 
second papei of this senes At autopsy, it was found that the patient had a 
suppurative thiombophlebitis of the common iliac vein 

I am particularly inteiested to heai of Doctoi Hams’ experiences with 
nicotinic acid, and we will ceitainly take the first oppoitunity to apply that 
experience to cases that come to us which show toxicity from sulfanilamide 

Just two othei things I would like to add One is that there is in the 
liteiature and peihaps in the minds of some of you, a confusion between two 
distinct clinical entities exhibiting chiomc ulcei ation The chronic, under- 
mining, burrowing infection, which I have desciibed and illustrated m the 
present paper, is chaiacteiized b}'^ extensive undermining of tbe skin and bur- 
rowing into the deep tissues but without any gangrene We believe that it 
is not a symbiotic infection, but caused simply and solely by tbe micro-aero- 
philic hemolytic streptococcus Then, theie is the symbiotic, progressive 
gangienous ulcer, 111 which there is always gangiene of at least a part of the 
margin with no undei mining of the skin and no deep penetration If the in- 
fection arises from a deep abscess, f 01 example, a pleui al or peritoneal abscess, 
the deep pocket closes and the gangrenous ulcei ative piocess goes on in the 
skin and subcutaneous tissues in only a very supeificial manner, destroying 
tissue massively as it goes In that infection, there is another micro-aeio- 
phihc organism Avhich is nonhemolytic and which can be found out in the 
peiiphery in pure cultuie, and it is always combined Avith a staphylococcus 
in the zone of gangiene It is, theiefoie, called a symbiotic or synergistic 
infection 

The second point is that I would like to make a plea (and I do so at every 
opportunity) that members of surgical depaitments, particularly the chair- 
men of those departments and the directors of surgical services, should insist 
upon more adequate anaeiobic bacteriology in their hospitals and on their 
sei vices 
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Fat embolism occuis somewhat iiif i equently as a complication of fiactuies 
and of operations upon bone Its lecognition is not eas)% and almost ceitamly, 
many cases, even though they end fatally, aie not lecogmzed m then tiue 
nature There are two reasons foi this difficulty Fust, in fatal cases which 
come to postmortem, the piesence of fat emboli will not be detected unless the 
sections are piepaied by special methods Preparation of paiaffin sections foi 
hematoxylin and eosm stains involves dehydiation m giaded alcohols, and this 
dissolves out the fat globules These can be demonstiated only by fat stains 
111 frozen sections Second, m those cases which do not end fatally, the clin- 
ical pictuie IS not cleaily defined or easily recognized As yet, we lack a def- 
inite and certain clinical method or sign wheieby the underlying pathologic 
cause can be lecognized At the moment, the stiongest clinical evidence of 
the presence of fat embolism is piesented by a certain rather chaiacteiistic se- 
quence of events through which most cases pass The sequence is as follows 
(i) An injury to a bone or an operation upon a bone (2) An inteival m 
which the only symptoms and signs the patient presents are those related to 
his fractured bone, followed by (3) a peiiod in which theie develop (a) pul- 
monary signs and symptoms, and (b) ceiebral signs and symptoms This is 
followed by death or recover}'’ Occasionally, though larely, fat globules may 
be lecoveied in the sputum 01 in the urine These are signs of gieat diagnostic 
value but unfoi tunately they aie rarely present, and their absence does not by 
any means rule out fat embolism Similarly fat emboli in cutaneous capil- 
laries may manifest their presence by the appearance of petechial hemoirhages 
111 the skin This also is a lare finding but of gieat value when it is present 
Its absence also does not rule out the presence of fat embolism 

Because of this confusion and difficulty m clinical diagnosis, the leport of 
a fatal case, which presented a clinical sign heretofore unrecognized, seems of 
value 

Case I — Fatal case of fat embolism comphcatuig fi acini e of the fcmui Pi of omul 
fall m hemoglobin due to liemoi 1 liagic CMidatc into lungs as a icaclwn to pulmonaiy fat 
cinbolism 

S G, male, age 22, was admitted to the hospital, July 4, 1936, with a trans%crsc 
fracture of the left femur, sustained when he was knocked down In a motor car He was 
conscious and not m shock The onl\ injur> he had sustained was tlie fracture of the 
femur Roentgenograms show'ed it to be a transverse fracture of the middle linrd of the 

*Read before the American Surgical Association, Hot Springs, Va , kfaj 11, 12, 13, 

1939 
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left femul with ovei lapping of the fragments and three-quarters of an inch of shortening 
Temperature g8 6° F, pulse 108 

Ten hours later, a Kiischnei wire was passed through the low^ei fragment and trac- 
tion applied Dining the dav his tempeiature rose to 101° F and his pulse to 120, but 
lie was comfortable and made no complaints 
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Chart i — The clinic il clnit of Case i, pulse temperature iiid respintions with records of the heino 

slohiii estim itioii mid blood pressure 

On Julj' 5, he had a chill, after which his temperature rose to 103° F and his pulse 
to 140 Examination show'ed him to be very restless, sw'eating and pale So marked was 
the pallor that a serious internal hemorrhage was suspected However, no evidence 0 
this was found on examination, nor was there a large hematoma at the site of fracture 
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The hemoglobin was 79 per cent Chest examination showed impairment of air entry at 

the right base and a few rales Blood pressure 130/80 

On July 6, two days after admission, a radical change had occurred The patient 
was very ill, pale and irrational , pulse 130, temperature 102° F , respiration 30, hemo- 
globin 72 per cent, R B C 4,000,000 Complete examination revea’ed no findings which 
seemed adequate to account for this profound change The chest findings were as previ- 



Fig I — Cise I Photomicrograph of the lung, showing exten 
sne fat embolism and the alveoli filled with hemorrhagic exudate 
Stained with scharhch R (X160) 



i r •* 


Fig 2 — Case i Photomicrograph of the brain showing numer 
ous fat emboli in the cerebral capillaries Stained with scharlach 
R (X160) 


ouslj noted but slightly more marked Roentgenograms of the chest excluded the pres- 
ence of blood or other fluid m the pleural cavity During the day he became increasingly 
djspneic and the respiratory rate reached 40 He presented the appearance of shock or 
hemorrhage and gradually became stuporous and irrational Reestimation of the hemo- 
globin showed It to be 72 per cent The blood pressure was well maintained at 110/80, 
m spite of the appearance of shock 
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On July 7, the clinical picture was similar but accentuated, pulse 140, temperature 
103° F, respiration 50 He was pale, irrational and stuporous and at times violently 
restless Chest examination revealed, for the first time, consolidation involving the right 
lung and beginning in the left lung Hemoglobin had dropped to 45 per cent and in the 
evening was 38 per cent For the first time, cough was present and once he brought up 
blood-tinged sputum Unfortunately this sputum, the only sample he coughed up during 
his illness, through a misunderstanding was not examined for fat The urine contained 
albumen but did not contain fat droplets There were no petechial hemorrhages in 
the skin 



Fig 3 — Case i Photomicrograph of kidney showing fat emboli 
in a glomerulus Stained with scharlach R (X160) 


The patient died the following noon, four and one-half days after his injury Before 
death the pulse was 140, temperature 103° F , respiration 70, and hemoglobin 30 per cent 
Blood pressure 100/70 (Chart i) Signs of consolidation were present over the whole of 
the right lung and all but the apex of the left lung On these findings a diagnosis of 
death from pneumonia complicating fracture was made by our medical colleagues, though 
past experience with fat embolism made us suspect this as the cause of death 

Pathologic Examination — Gioss Lungs — Both pleural cavities were free of fluid and 
adhesions Both lungs were solid and did not crepitate except for a small area in the 
apex of the left lung The consolidated lungs were dark red in color, resembling liver 
m appearance (Note that this could well be regarded as the picture of pneumonia in 
the stage of red hepatization ) Large quantities of bloody fluid could be expressed from 
tlie cut surfaces The pulmonary vessels were free from thrombus 

Bi am — The cut surface showed numerous scattered small areas of petechial 
hemorrhage 

Left Fciniii — Showed a transverse fracture with a hematoma of moderate size 

The microscopic findings were of the greatest interest and importance 

Mtci oscopic Lungs (Fig i) — The alveoli were completely filled with a hemorrhagic 
exudate consisting almost entirely of red blood cells and fluid Unlike the picture of 
pneumonia, leukocytes were few in number Stained with scharlach R , the lung capil- 
laries were found to contain numerous globules of fat of all sizes The picture was that 
of an intense hemorrhagic exudate filling the alveoli, with numerous fat emboli in die 
capillaries Inflammatorj cells were very few m number 

Brain (Fig 2) — Stained with scharlach R, many capillaries were seen filled with 
fat globules, each surrounded by a zone of necrosis 
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Kidney (Fig 3) --Fat stains showed numerous globules of fat m the capillaries of 
the glomeruli 

Lwei — A few fat emboli were found here also 

Summary and Comment —The significant findings in this case of fatal 
fat embolism weie as follows The course of events, bioadly considered, was 
that of most cases of fatal fat embolism, namely, (i) a serious injury to a bone 
followed by (2) an interval in which the only signs and symptoms weie those 
1 elated to the mjuied bone Then came (3) the onset of seiious pulmonaiy 
and ceiebial signs and symptoms, progressing to death It is noteworthy that 
fi om clinical signs and gi oss postmortem evidence the pulmonary lesion might 
well have been regai ded as pneumonia Only the sections stained with schai - 
lach R revealed the tiue pathology to be pulmonaiy fat embolism with hem- 
orrhagic exudate into the alveoli 

The unusual featuie of this case, 01 at any late the feature which heieto- 
fore has npt been lecogmzed as an accompaniment of fat embolism, was the 
piofound fall in the led blood cell count and hemoglobin content of the blood 
So gieat, and so evident, was this anemia that a concealed hemorrhage was 
suspected The gieat fall in the led blood cell count of the blood is ade- 
quately explained by the postmoitem findings m the lungs The pulmonary 
consolidation was due to an exudate into the alveoli which consisted almost 
exclusively of erythrocytes and serum The enormous amount of this exudate 
would adequately account foi the gieat and sudden fall in erythrocytes and 
hemoglobin in the ciiculatmg blood We shall attempt to discuss the mecha- 
nism of its production latei 

Foi some time pi 101 to the occuiieiice of this fatal case of fat embolism, 
our attention had been diawn to the seveie and progiessive fall in erythrocyte 
count and hemoglobin peicentage which occuired in ceitain patients follow- 
ing bone opeiations, notably spinal fusion and arthiodesis of the hip It did 
not seem that this could lie accounted for by loss of blood at the time of 
operation, first, because it was much gieatei than the blood loss and, second, 
because it was progiessive ovei a relatively long peiiod of time Table I 

Table I 

ILLUSTRATING THE PROGRESSIVE AND MARKED TALL IN ERYTHROCYTES 
AND HEMOGLOBIN FOLLOWING OPERATIONS UPON BONE UNEXPLAINED 



BY PRIMARY BLOOD LOSS 


Case 


Hemoglobin 

Red Blood Count 

J D 

October ii, 1933 

98% 

4,750,000 


October 12, 1933 

Arthrodesis of Hip 


October 19, 1933 

60% 

3,000,000 


October 31, 1933 

45% 

2,750,000 


November 28, 1933 

83% 

4,750,000 

J B 

July 23, 1935 

110% 

5,400,000 


August 8, 1935 

Spinal Bone Graft 


August 10, 1935 

85% 

4,328,000 


August 23, 1935 

74% 

3,616,000 


September 5, 1935 

95% 

4,800,000 
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illustiates two such examples It is just possible that the piogiessive loss of 
led blood cells in these cases can be accounted foi by pulmonai)'- fat embolism 
and the accompanying hemoiihagic exudate At any late, the following case 
seems, cleaily, to be a case of pulmonaiy fat embolism following opeiation, 
analogous to the fatal case just described 

Case 2 — Piohablc pitlmonaiy fat embohsm foUoiving spiml fusion foi scoliosis, 
niaiked piilinoiiaiy signs and syinptonis, mailed ccicbial symptoms and ptofoiind fall tn 
hemoglobin Retoveiy 

A E R , female, age 20, was operated upon, October 22, 1936 A spinal fusion for 
scoliosis was performed, extending from the fifth to the twelfth dorsal spine, inclusive 
Large grafts taken from the tibia were emploj'cd for this purpose The operation was 
expeditiously performed and she suffered no shock A transfusion of 500 cc of blood was 
administered For two days following operation she vomited repeated!}' hut otherwise 
seemed in satisfactory condition On the fourth day, there suddenly developed some type 
of pulmonary catastrophe, chai actenzed by cyanosis, fever (101° F), rapid pulse (130), 
and increased respirations Adequate examination of the chest was impossible because 
she was encased in plaster On the fifth day, she seemed moribund On the sixth day, 
delirium developed and continued for three daj'S, notwithstanding the fact that the respira- 
tory symptoms were improving From the tentli day on she made steady and rapid 
improvement and ultimately made a complete recovery 

The acute and serious complication she passed through was accompanied by a pro- 
found fall m hemoglobin The first record we have was 45 per cent, taken on the day 
of the onset of the pulmonary symptoms, and this in spite of the transfusion which had 
been administered following operation Two days latei it was 40 per cent, the next day 
34 per cent, and following a transfusion rose to 45 per cent On the succeeding days 
the estimations were 50, 62, 70 and, finall>, on November 10, 81 per cent following another 
transfusion 

Comment — This, then, is a patient who, following an extensive operation 
upon bone, developed a serious complication manifested by cyanosis, respira- 
tory distress, fever, tachycardia, increased lespiiatoiy late, delirium, semi- 
coma and, finally, a rapid and extreme fall in hemoglobin content The simi- 
larity to the preceding case of pi oven fat embohsm, which was fatal, is so 
great that one must consider fat embohsm as a pi obable cause of hei symptoms 
also 

Incidence of Fat Embohsm — The occuiience of fat embohsm is laie but 
there is reason to think that it is inoie common than is supposed The dif- 
ficulty of recognizing the condition, both clinically and at postmoitem, un- 
doubtedly results in many cases being ovei looked Oui interest in this con- 
dition was stimulated, foui yeais ago, as the result of a postopeiative death 
from fat embohsm, pi oven at postmoitem The operation was an aithiodesis 
of a tuberculous hip Prior to that date the diagnosis of fat embolism does 
not occur in the records of the Toionto Geneial Hospital Since then we 
have been able to lecognize six fatal cases and in addition six nonfatal cases 
in which the diagnosis of fat embolism is almost certain, though without the 
confirmation of sections, some doubt must always exist as to the accuracy of 
this diagnosis It would seem that fat embolism, even though lare, is more 
common than is supposed, that it is easily ovei looked, and that a conscious- 
ness of its possible existence may lead to its moie frequent recognition 
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brief clinical records of fatal cases of fat embolism 
rase i —Reported herewith 

Case 2— This case has been reported previously' (JAMA. 195, 10x3, September 
28 lOlO A boy, age 17, suftenng fiom tuberculosis of the hip, was operated upon for 
the purpose of fusing his diseased hip Transfusion of 500 cc of blood followed his 
operation which presented no difficulties Six hours after operation he became cyanosed 
and dyspneic, and complained of a sense of constriction about the chest Cyanosis in- 
creased pulse became rapid and feeble, and temperature lose to 103° F He died 20 
hours after operation Postmortem examination revealed extensive fat embolism of lung 
Case 3 — A man, age 39, sustained a fractured femur m a motor accident This 
limb had prevrously been injured at the knee in such a manner as to necessitate the use 
of a plaster encasement for a prolonged period of time It is possible that the bone 
atrophy from disuse may have been a factor which facilitated the production of fat em- 
bolism Six hours after his accident he became unconscious and died 54 hours later 
without regaining consciousness Postmortem revealed extensive fat embolism of lungs 
and brain (Courtesy of Dr J L McDonald) 

Case 4 —A woman, age 73, sustained a fracture of the neck of the femur. May 12, 
1934 It xvas reduced and fixed with a Smith-Petersen nail, Maj' 17, 1934 For a few 
days following operation, she presented no untoward symptoms except a continuous fever 
She then developed respiratory symptoms and signs, followed by delirium and coma 
Death occurred ten days after operation Postmortem examination revealed consolida- 
tion of the lung bases and, on section, fat emboli in the pulmonary capillaries The 
brain was not examined 

Case 5 — A man, age 50, sustained a fracture of the tibia and fibula, November 28, 
193s It was reduced under local anesthesia on the day of admission On the second 
day he xvas stuporous and hard to rouse Theie xvas no evidence of head injury and 
neurologic examination was negative Coma deepened and rales and bronchial breathing 
were found in both lungs No fat w'as found in urine or sputum He died in coma six 
dajs after the accident Postmortem showed consolidation of both lung bases and 
numerous petechial hemorrhages m brain Fat embolism was demonstrated on section 
of lungs and brain 


Case 6~A woman, age 32, was opeiated upon, Februaiy 17, 1937, for stabilization 
of the hip The operation was extensive but no great difficulty was encountered Post- 
operative course was complicated primarily by distention and vomiting On tlie second 
postoperative day she became cyanosed and dyspneic The distention was controlled on 
the third postoperative day but the cyanosis and respiratory distress increased Coma 
exeloped toward the end of this day and rapidly deepened until death One hemo- 
g obin estimation, made on the day of her death, was 47 per cent Postmortem was not 
permitted In the absence of definite postmortem evidence the diagnosis of fat embolism 

IS, 0 course, presumptive, but from the course it seems reasonably certain that this was 
the cause of death 


UASJKS 

Piobablc Diagnosis, Fat Embolism 
Case I —Reported herewith 

28 into reported previously^ (JAMA, 195, 1013, September 

''as redied ^ ^^35 The fracture 

\Dril A 1935 He remained conscious and mentally dear until April ? On 

piale «<= '-as dull and sen., comatose Tem- 

■trational Coughed up bloody sputum He remained comatose and 

^covered from the . h' ' 9 ' I’' '’=“1 completely 

'» feeCed a 7 . contained fat On April i6, 

PM patch of pleurisy on the right side nh.ch cleared up rvith.n two days and 
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on April 23, a sinnlai transient pleurisy occurred on the left side The sputum was not 
examined for fat (Courtesy of Dr K G McKenzie) 

Case 3 — A man, age 31, sustained a fracture of the femur, August 17, 1938 Twenty- 
four hours later he became drowsy and stupeious and slowly became unconscious 
Examination showed no sign of injury to head, ciamal nerves normal No paralysis of 
legs Theie were numerous petechial hemorrhages in skin of trunk and neck Lumbar 
puncture showed a pressure of 250 Mm without increased protein or cells Bur holes in 
either temporal fossa showed absence of hemorihage and the presence of a large collec-* 
tion of spinal fluid under tension in the subarachnoid space Recoveiy followed (Cour- 
tesy of Dr E H Botterell ) 

Case 4 — A man, age 30, sustained a fracture of the tibia Thirty-six hours after 
his injury he became restless and irrational Respirations were increased and he was 
cyanosed Unconsciousness developed The lung bases showed dulness and rales Sputum 
and urine contained fat globules After a stormy convalescence, during which there were 
extensive signs in both lungs, he recovered completeh (Courtesy of Dr Wm S Keith) 

Case 5 — A man, age 19, sustained a fracture of the femur, August 6, 1938 He 
presented no symptoms other than those associated with his fractured femur until 
August 12, on which day the fiacture was manipulated in an effort to secure reduction 
He collapsed on the table, pulse became lapid and feeble and the blood pressure fell 
This was followed bj' pulmonary signs and mental confusion, persisting for about two 
days Hemoglobin estimation at tliat time was 50 per cent He ultimately made a com- 
plete recovery (Courtesy of Di S Goidon ) 

Case 6 — A man, age 35, sustained fractures of the forearm and leg and was ad- 
mitted in shock, October 21, 1935 Was rational on October 22 On October 23, he 
became comatose with stertorous breathing of intermittent rhvthm He slowly became 
cyanosed and dvspneic and deeply unconscious On October 25 he had improved, though 
expectorating bloody mucus , and fi om then on he slowly recovered He had no head 
injur> (Courtesy of Dr Goidon Cock) 

Expel unental Data — The fatal case we have lecoided piesents two piob- 
lems which demand explanation (i) How could a relatively small amount 
of fat cause such a severe leaction with a fatal ending^ The injury to the 
femur was not extensive and the lesultmg hematoma was only of moderate 
size The amount of fat available fiom this fiactuie could not have been 
more than a small fi action of the total amount m the medullary space of the 
femui and this of itself is not very gieat in amount (2) How could such 
a bland body constituent as fat cause such an intense iintative reaction of a 
hemorrhagic nature^ We have attempted to find an answei to these prob- 
lems by the expel iinental investigation recorded beloiv Though we have not 
succeeded in 1 epi oducing the profound fall in hemoglobin, we have succeeded 
in reproducing the lung changes including the hemoirhagic exudate 

Protocols of Expel inients Using Neutial Hitman Fat — Rabbits of ap- 
pioximately the same size (2 Kg) were used thiougbout these expei iments 
Human fat obtained at operations in which bone grafts weie removed fiom 
the tibia was the material utilized to cause the fat embolism Most woikers in 
experimental fat embolism have used vegetable or mineral oils It seems 
quite possible that this does not repioduce exactly the conditions which exist 
in human cases For that reason human fat was used It is easily obtained 
m amounts fiom 10 to 20 cc from the medullary cavity of the tibia when a 
graft has been removed As it is quite fluid, it can be aspirated from the bed 

H02 



Volume 110 
dumber 6 


FAT EMBOLISM 


of the graft with a syringe The fat \\as sepaiated from the small amount of 
blood present by incubating the mateiial at body tempei attire and subse- 
quently decanting the clear supernatant fat 

Using such mateiial we were able to establish that the minimum lethal 
dose for rabbits is o 9 cc of neutral human fat pei kilo of body weight given 
in one dose Attempts were then made to cause a fall 111 hemoglobin by le- 
peated sublethal doses administeied ovei a period of time Repeated injec- 
tions of neutral human fat in doses up to o 5 cc per kilo 1 caching in some 
cases a total of 15 cc of fat per animal (approximately 7 5 cc per kilo) could 
be given without causing death, though marked pulmonary symptoms 
(dyspnea) and ceiebral signs (ataxia and incoordination) weie produced 
Note that the minimum lethal dose for a single admmistiation is small — 



Fig 4 — Photomicrograph of lung of rabhit following re 
peated injection of sublethal doses of neutral human fat Ver\ 
numerous fat emboli Frozen section, scharlach R (Xi6o) 


09 CC per kilo This would be the equivalent of 63 cc for a 70 kilo (150 
pound) man Note also that when half the minimum lethal dose is given 
repeatedly, relatively enormous amounts of fat can be administered At post- 
mortem these animals shon ed stiff, solid lungs which looked and felt like hvei , 
with numerous fat emboli 111 lungs, liver, kidney and brain (Fig 4) The 
pulmonary alveoli were filled vith a hemoirhagic exudate of modeiate inten- 
sity There vas no significant fall in hemoglobin (Chart 2) 

Protocols oj E.xpciiineufs Usutg Hyd) olyzcd Human Faf — The intensity 
and the hemoirhagic natuie of the reaction in the lung and also in the brain 
and the skin suggest that some change may have occurred 111 the fat which 
lenders it an nritatmg rather than a bland body fluid such as one might 
naturally consider it to be ^^'^e aie indebted to Professor W K Franks, of 
the Department of Banting Medical Research, for the suggestion that perhaps 
these mtensel} irritating qualities are the result of splitting of the neutral fats 
mto gl}cerol and fatt} acids by tissue lipases, either at the site of the injur} 
to the bone or m the lung With this m mind another set of experiments was 
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undei taken, also upon labbits, in which human fat hycholjzed with dilute 
hydrochlonc acid nas used The excess of acid was neutialized by an alkali 
befoie injection 

These expeiiments sho\\ed that the minimum lethal dose of hydrolyzed 



Tig s — Photomicrograph of lung of rabbit following repeated 
injection of suhlethal closes of Ii>drol}zed human fat Few and 
small fat emboli I rozen section, scharlach R (X150) 



Pig 6 — Photomicrograph of same rabbit s lung as Figure 5 
Illustrating the hemoi rhagic and serous exudate in the pulmoiiar\ 
alveoli similar to that seen in the fatal human case H and E 
stain (X150) 


fat was o 07 cc pei kilo of body weight, ; c , less than one-twelfth the mini- 
mum lethal dose of the neiitial fat Repeated injections with 0035 cc per 
kilo (one-half the minimum lethal dose) weie all fatal in five doses The 
hydrolyzed fat, theiefoie, is veiy much more toxic in single doses than 
neutial fat, and lepeated injections of small doses aie tolerated much less 
well Postmoitem examination showed only a few fat emboli in the lungs 
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seen ra the fata! human case lecoided (Figs 5 “d o; 
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IS rapidly fatal If the fat is admimsteied in small repeat d 
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Cjivrt 3 — Graph of an experiment on the production of fat embolism in a lahlnt follow ni(, the repeated 
injection of snblethal doses of hjdioljztd human fat 

period of time, a compai atively laige amount of fat can be given The 
changes produced aie similai to those seen in human cases, namely, con- 
solidation of the lung as the result ot a hemonhagic exudate into the alveoli 
and numeious fat emboli in lungs, hi am and kidneys The clinical symptoms 
M Inch accompaii} these changes aie predominatingly respnatoiy and ceiebial 
1 hough we did not succeed in lepioducmg the fall in hemoglobin, it N\as 
possible to duplicate the hemonhagic exudate in the lung Of the greatest 
significance Mas the demonsti ation ot the fact that hydrolyzed fat is much 
more toxic than neutral fat and produced a far mote intense hemoirhagic 

1107 



HARRIS, PERRETT AND MacLACHLIN 


Annals of Surgery 
Dccemher 1 j d j 


exudate It stiongly suggests that the seiious efiect of fat embolism results 
m part fiom an alteiation m the fat which lendeis it moie iiritating and that 
this change is of the natuie of hydiolysis by lipases and that the fatty acid 
01 lesultmg soaps aie the irritative substances 

Mechamsm WJieieby Fat Emhohsm Develops — Fat embolism occurs 
when free, fluid fat enters the vascular system and is cairied by it to a capil- 
lary bed Theie the globules of fat are sufficiently large to occlude the 
lumina of a gieatei oi lesser number of the capillaries Only under certain 
special circumstances can fat embolism occur It is necessary first of all that 
fat be freed fiom fat cells This implies some kind of tiauma which will 
rupture the envelopes of the fat cells Second, the fat must enter the venous 
circulation As veins commonly collapse when they aie opened, fat embolism 
will occur only undei circumstances m which the sectioned veins remain 
open But open veins bleed, and this implies a flow out of the vein rathei 
than into it Fat can entei veins only if it accumulates at a pressure greater 
than venous piessuie and so is forced into the open vein Three things, 
therefore, are necessaiy before fat embolism can occur (i) An accumula- 
tion of fluid fat freed from its cellulai envelope by tiauma (2) Open veins, 
the open ends of which do not collapse (3) The accumulation of the fat 
under a pressui e gi eatei than venous pressure so that it can be foi ced into the 
open ends of the veins 

Though fat must be fieed fiom its cellulai envelope and veins cut across 
in many opeiations, and often by trauma, only under special circumstances 
do the veins remain open and the fat accumulate under a pressure sufficiently 
great to foice its way into the veins Injuries to bone piovide exactly the 
factors necessary for the pioduction of fat embolism There is abundance 
of fat in the bone manow easily set free by the trauma of fracture or opera- 
tion The veins are held open by their attachment to the bony haversian 
canals in which they run It is not difficult for the wound exudate to accumu- 
late under tension In opeiations upon soft tissues, the reverse is the case 
Though there is abundance of adipose tissue and though much fat may be 
freed, entiance into the veins is prevented by collapse of the veins and the 
diminished likelihood that the wound exudate will accumulate under tension 
Exudate from soft tissue wounds seeps out along the line of suture There 
IS less opportunity for the application of firm dressings and hence less sealing 
of the exudate within the wound Hence, fractures and opeiations upon bone 
constitute the most frequent antecedents of fat embolism 

Pathology of Fat Emhohsm — Once fat has been forced into tbe venous 
system, it is carried by the circulation to the pulmonary capillaries There a 
varying amount of occlusion occurs dependent upon the size of the globules, 
the total amount of fat which enters the circulation and the rate at which it 
reaches the lung A small quantity of embolic fat will create less disturbance 
than a large quantity, and the same quantity introduced rapidly will produce 
severe or even fatal results, while introduced over a long period of time or 
in repeated small doses, it will cause little haim In the lung the presence 
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of fat emboli occluding the pulmonaiy capillaiies (i) inteifeies with noimal 
oxygen exchange, (2) obstructs the pulmonary flow and hence causes dilata- 
tion of the right side of the heait, (3) causes an exudate into the alveoli 
It has been noted by Grosskloss^ and otheis that this exudate consists largely 
of erythrocytes and serum, but the accompanying fall m hemoglobin has not 


been recoided before 

The flood of embolic fat may be sufficiently great to cause death from 
pulmonary embolism m a shoit time This accounts for certain deaths on 
the operating table or shortly after operation In less severe cases, some of 
the pulmonary emboli are foiced through the lungs and leach the systemic 
cii dilation through the left side of the heart The fat again comes to rest 111 
the systemic capillaries The resultant symptoms are dependent upon the 
nature and importance of the organ whose capillaries aie involved Cerebral 
embolism is the most common, most important and most serious manifesta- 
tion In the brain, capillaries are occluded by the fat droplets, a narrow zone 
of brain tissue undergoes necrosis and the area of necrosis is surrounded by 
a zone of hemorrhage This, m the gross, gives rise to the characteristic 
“ring hemorrhages ” It is worthy of note that in the brain, as m the lung, 
the reaction induced by the fat emboli is hemoi rhagic 

Though the cerebral lesions are the most important of the peripheral mani- 
festations, emboli may occur in any organ Two other sites of importance 
are the kidney and the skin, chiefly because they provide us with a means of 
diagnosis Of the fat emboli which reach the kidney, a certain number rup- 
ture the glomerular capillaries and reach the urine where they can be lecog- 
nized by appropriate measures In the skin fat embolism produces a hemor- 
rhagic reaction similar to that pioduced m the brain The importance of 
these petechial skin hemorrhages lies in the strong confirmation they give 
to the diagnosis of fat embolism when the clinical syndrome suggests this 
complication 

Summary — ^The object m presenting a fatal case of fat embolism is to 
call attention to the existence of this complication of fractures and operations 
upon bones Though of infrequent occurrence, it is of serious importance 
because of its high mortality It is not easy to recognize either clinically or 
at postmortem foi reasons which have been stated The most valuable means 
of recognition still is the rather characteristic sequence of events in the clinical 
course (i) An injury to a bone, (2) an interval in which the only symp- 
toms aie those 1 elated to the injured bone, (3) the development of pul- 
monary signs and symptoms , and (4) the development of cerebral signs and 
symptoms Fat globules in the sputum and m the urine are of great diag- 
nostic value m those cases in uhich they appear Petechial hemorrhages in 
the skin are also of great diagnostic value when they occur 

To the somevhat meager group of signs and symptoms which are of 
diagnostic value we hare added one further sign, namely, a profound fall 
m hemoglobin in an illness which complicates a fracture and follows the course 
outlined above This sign is the lesult of the loss from the circulation of 
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gieat numbeis ot eiythiocytes which aie pouiecl into the pulmonaiy alveoli 
in the hemoiihagic exudate which is called foith by the piesence of fat emboli 
in the lung It is woithy of note that in lung, biain and skin the chaiacteristic 
1 espouse to fat embolism is a hemoiihagic exudate The fall m hemoglobin 
noted in the two cases piesented in this papei will occui only in those patients 
who have an extensive pulmonaiy exudate Hence, we cannot expect to 
find it in eveiy case of fat embolism But when it does occui, and m company 
with the tiain of clinical events mentioned eailiei, it is, like fat m sputum 
and mine and like petechial hemoiihages m the skin, stiong confiimatoiy 
evidence of fat embolism Those cases which aie lapidly fatal from massive 
pulmonaiy fat embolism will not display it because there will not have been 
sufficient time to develop the hemoiihagic exudate Sinnlaily, the mild cases 
will not display it because the extent of the exudate is small It will occui 
only m patients who sustain an extensive but not i apidly fatal fat embolism of 
the lung and who suivive foi a length of time sufficient foi the development of 
extensive alveolai exudate In such cases, howevei , it may be a A^aluable con- 
fiimator}'- sign of the disease 

The expel imeiits we have conducted stiongl} suggest that the intensely 
nntating effect of fat embolism is the lesult of a change in the fat and that 
this change consists in the splitting of the fats by tissue lipases so as to fiee 
the irritating fatty acids It will be necessaiy to develop these expeiiments 
fuithei befoie definite conclusions can be i cached 

CONCLUSIONS 

(1) Fat embolism, though uncommon, is a moie fiequent complication 
of fiactme and ot opeiations on bone than is commonly supposed An ap- 
pieciation of its existence will lead to its moie fiequent lecogmtion 

(2) It IS difficult to lecognwe clinically because of the lack of specific and 
constant signs, and pathologically, because of the necessity of unusual staining 
methods 

(3) Points of value foi diagnosis aie (a) The lathei chaiacteristic se- 
quence of clinical events, (b) the occasional piesence of fat in mine, fat in 
si^utum and i^etechial hemoiihages m the skin To this we uould add, in 
ceitain cases, a piofound fall m hemoglobin 

(4) The seiious pathologic changes pioduced by fat emboli aie piobably 
due m part to the fieeing of fatty acids by the action of tissue lipase 
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Discussion — Dr J Dcwey Bisgard (Omaha, Neb) This has been a 
most inteiesting piesentation of a subject nhich I believe has received too 
little attention My expeiience has been similai to that of Doctor Harris, 
that IS, aftei becoming inteiested in the subject, I hat'^e seen much more clinical 
evidence of it 
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Smrp the few cases of fat embolism which I have obseived occuiied m 
f whirli had had eithei no anesthesias oi anesthesias which contame 
^ an^^^^ at solvent, the question of possible piotection 

b”v eter agamsTfat Emboli sm n as laised Boiie inaiiow fat fioni both tibiae 
of labbits was inaceiated in a moitai and suspended in salt solution ns su 
pension was injected into the veins of the eais of other rabbits in one g^oup, 
during deep ethei anesthesia, and in the othei gioup of ’ 

which weie used as contiols The lungs weie examined for fat by ^^octoi 
Baker, a pathologist, and giaded quantitatively by him wnth vaiiations lan^ii g 

troin a tiace up to foui i i ^ „ 

In the fiist gioup of animals theie was a hve-mmute inteival betw^een in- 
jections and lecoveiy of specimens One cubic centimetei w^as injected, and 
the contiols show'ed veiy much moie fat than did the ones that leceived the 
injections while deeply anesthetized Thnty minutes aftei injection of one 
cubic centimetei , thei e w^as still a striking cliff ei ence betw^een the conti ols and 
the ethei ized animals Foity-eight houis latei, howevei, the ethei ized gioup 
contained moie fat than did the contiols, and at 14 da3fs, distinctly moie 

Now, the cjiiestion came up wdiethei this fat passed on thiough into the 
penpheial ciiculation as a lesult of dilatation of the capillaiies accompanying 
etherization, or wdiethei the ethei had some solvent action upon the fat In 
answei to this cjuestion. we sectioned othei tissues, hvei, spleen, lung, biain, 
and lieait, and m no instance did we find any fat emhoh Thus we concluded 
that the ethei bioke down the fat which ciiculated unobstiucted until the 
ethei was eliminated As ethei w^as given off in the lungs, the fat leappeaied 
m the pulmonai y capillaiies 111 globules When given intiamusculaily, again 
the fat was found 111 the lungs, but 111 these instances piincipally 111 the alveoli, 
some in the capillaries, but m each instance in phagocytes Appaiently it was 
transposed by these cells fiom the site of injection 

I made a senes of expeiiments detei mining the influence of the tourniquet 
upon embolization of fat Fat suspensions w^eie injected into veins of the 
leg wath the touinicjuets applied above the sites of injection The applications 
of the tourniquet for 15 minutes as compaied to 45 minutes, lesulted in much 
less fat 111 the 45-mnnite specunens These obseivations w^eie made with the 
veins closed and intact Then studies w^eie made with open veins, that is, 
aftei injection the veins weie seveied and the tourniquet lemoved eithei 
rapidly oi slowly In the latter, constiiction was leleased to a degiee that 
peunitted arterial ciiculation to take place lint yet maintained venous ob- 
struction and caused consideiable bleeding fiom the cut ends of the veins as 
compaied to the lessei bleeding and lessei washing out of fat following the 
immediate lelease of the touiniqnet There was much less inti avasculai pul- 
moimiy fat in animals in which the tourniquet w'^as released slowly 

The effect of drainage Avas investigated Following wmund drainage, dis- 
tinctly less fat was found in the lungs than when the wmunds weie not chained 
and Avhen the openings in the medullaiy canals iveie sealed with bone wax 

^^,.1 group the nieclullaiy canal was opened and the fat maceiated 

iMtli a flexible piobe 

As possible suggestions foi aids to the pievention of fat embolism we mig-ht 
f^iesthesia as having some influence, ethei a beneficial one possibly 

afters?? a ^ ^ tourniquet duimg operation and slowly released 

iterwaids mmunizes the immediate influx of fat and may pi event an eailv 
P^toperative catastioplie Hemostasis is unquestionably helpful m Z.Zl 
th? aicSon^ accumu atnig within the medullaiy canal, which foices fat into 
1 ’ ^ ^ainage of the medullary canal for four days 

‘to o relieve piessme Gentle manipulation and rigid immobilization ^of 
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fractured and tiaumatized bone are recommended as time-honored, general 
fundamental pi mciples 

Dr Arthur W Elting (Albany, NY) Some ten yeais oi more ago, 
I reported, before this Association, a study of fatal fat embolism to a rather 
incredulous audience, based on the subject mattei of the papei, until we 
produced a series of slides which showed such a wide dissemination of fat 
thioughout all the organs that even the most incredulous weie willing to recog- 
nize that fat embolism was somewhat of an entity and might be a very seri- 
ous one 

I expressed the view at that tune, and I expiess it again to-day, based on 
a great deal of subsequent experience and careful observation, that fat em- 
bolism in a mild degree is of not infrequent occurrence It does not always 
produce distinctive symptoms, it may not produce even suggestive symptoms, 
but to one who, in the language of Doctoi Rodman when he spoke of being 
heart-minded, has occasiomto treat cases of traumatism, if he is fat embolism- 
minded, he will be aware of moie cases than if he does not think in those terms 

I may say that my original interest in this, of course, was first from a 
purely academic standpoint, but a case piesented itself of a young man with 
a fractured humerus m whom, inside of 48 hours, rather sei lous complicating, 
apparent cerebral symptoms developed I sought the assistance of Doctor 
Aichambault, a noted neurologist, but I told him before he saw the patient 
that I would make the diagnosis foi him because I had never seen a case of 
it, and, theiefore, felt that I could make such a diagnosis, namely, that it was 
a case of fat embolism 

He was lather skeptical about my diagnosis However, the patient eventu- 
ally came to autopsy, after running a course exactly like that illustrated by the 
chart of the fatal case that Doctor Harris has reported At autopsy, numerous 
petechial hemorrhages were found scatteied generally throughout the body 
They were not noticeable on the surface of the body, howevei, and the 
pathologist drew the conclusion that we were dealing with a rapidlj'^ ful- 
minating Streptococcic infection I still clung to my diagnosis, and of course 
they saw no evidence of fat I insisted that the tissues must all be stained 
for fat, and in a few days he reported to me that the smaller vessels were 
uniformly plugged with fat throughout the organs studied 

I felt as a basis of our study, and I feel to-day as a basis of our continued 
obseivation, that fat embolism manifests itself in different forms, in varying 
degrees I have regarded the pulmonic form as perhaps the more frequent 
one, the cerebral foim as usually or very apt to represent a final stage I 
also feel that the age of the individual has a good deal to do with this 

A few years ago, one of my assistants cared for a simple fracture of a 
tibia in a small cbild, six or eight years of age He thought it was desirable 
to perform an open reduction because of serious displacement and inability 
to 1 educe the fracture In some 48 hours the child’s temperature went up 
pretty high and it showed the evidences of what was supposed to be infec- 
tion At the same time the patient became quite disoriented and evidenced 
some cerebral symptoms I was asked to see the case and looked at the wound 
It seemed to look all right, and I made a diagnosis of ceiebral fat embolism 
The next day the child was m deep coma and apparently dying I remember 
showing that case at one of my clinics as a typical case of fat embolism I 
ventured the prognosis that in spite of the deep coma, because of the youth 
of the patient that recovery would be probable Fortunately, I guessed right^ 
In a few days the coma lessened very much as in the case of Doctor Harris 
recovery, and the child got well 

I found from my study at that time that theie was a conviction among 
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ceitain writeis that in youth fat embolism is not nearly so serious a malady 
as in those of moie advanced age Furthermoie, it seemed evident that fat 
embolism did not depend upon the extent oi severity of the traumatism 
That, It seems to me, has always been a remarkable feature Many times 
since then, howevei, we have seen, and I am sure you have all seen, mild 
cerebral distui bailees, a little disorientation, a little deliiium, and mild, unex- 
plainable cerebral disturbances during the days following an mjuiy or fiactuie, 
where peihaps you have olfeied no paiticular explanation 

I found shock and infection n ei e two of the diagnoses often made m cases 
I believed to have been instances of fat embolism Fuithermoie, unless the 
suigeon has it in mind, and unless he insists that the pathologist especially 
examines the tissues for fat, it is not going to be recognized We have found 
very serious fat embolism m cases m which we believed it played a role in 
death as well as in cases who died from othei causes after seveie traumatisms 
of bone, simply because the pathologist was made fat-minded and felt that 
he had to give an excuse if he did not supply us with a veiy good reason 
foi not examining the tissues, especially the lungs, the brain and the kidneys 
foi fat It will also be found in the panci eas, the heart and all the othei organs 
if pains are taken to look for it 

I feel it IS an impoitant matter to again have our menioiy refieshed I 
have been wondeimg, during these yeais since I made my oiiginal lepoit, 
why fat embolism leceived so little attention, because I cannot think that we 
have had anything paiticularly unique in our lelatively limited expeiience m 
so small a community as Albany 

Dr William Darrach (New Yoik) During the last ten yeais, over 
12,000 fractures have been treated on the Fracture Sei vice of the Piesbyteiian 
Hospital Of these, two cases have shown evidences of fat embolism One of 
these IS heiewith reported 

Case Report — C B, female, age 72, was admitted to the hospital, November 22, 
^ 937 , having been knocked down by an automobile one hour previously, and suffered 
a compound fracture of both bones of the left leg, fracture of distal third left ulna, a scalp 
wound and cerebral concussion She was transported by ambulance, a Thomas splint 
having been previously applied On arrival, she was confused and in moderate shock 
After rest, heat, two infusions of 500 cc each of Ringer’s solution, a transfusion of 300 cc 
and 10 cc of eschatin, she was taken to the operating room and the compound wound of 
the leg debnded, the fracture reduced through a separate incision and a four-screw, 
stainless steel plate applied to the tibia Both wounds were packed with vaseline gauze 
and left open A closed reduction was carried out with the ulnar fracture The scalp 
wound was debnded and closed She was returned to bed in very good condition 

A second transfusion was given the following afternoon For the following 24 
hours the patient was restless and somewhat disoriented with some stiffness of the neck 
Whether this was due to lame muscles from her injuny or to subarachnoid irritation was 
not known At this time, her temperature was iOi° F, pulse lio, respirations 30 
The second day after operation her temperature gradually rose to 102° F , pulse 120, 
respirations 36 There was almost no cyanosis or air hunger On the morning of the 
third daj she became more comatose and more cyanotic Respirations were 26, with an 
increase of rigidity of her neck Coarse, moist rales were heard at both bases Seventy - 
tivo hours after injury, the lung sounds became much more moist with many coarse rales, 
rjanosis increased, her pulse remained strong and regular Four hours later she suddenly 
stopped breathing She died apparently from respiratory failure Except for a heavy 
race of albumin and a few casts the urine was normal, no fat being found 

utops\ showed extensive fat emboli of the pulmonary capillaries with marked 

1113 



HARRIS, PERRETT AND MacLACHLIN Annals of Surserj 

Dtcemljtr lj,ij 

stasis and a very eaily inflammatory reaction (Fig i) Froren section of the brain 
showed no fat emboli 



Fig I — Pliotomicrognph of lung showing extensive fit emhoh in the piilmonirv capillaries, 
nnrked stasis ind in eiil> inflinimitoi \ leiction 


Dr Robfrt I Harris (Toionto, Canada) I am grateful to Doctor 
Bisgaid foi liringing to my attention, and to the attention of this Association, 
the work he has done on fat embolism The subject is so inherently difficult, 
and so obscure in its manifestations, that it is much m need of investigation 
which will elucidate the obscuie aspects of the disease 

In my papei I delibeiately avoided any discussion of tieatment, wishing 
to concentrate upon what I felt was a new manifestation of the disease, even 
though it was of minor significance My feeling is that any additional sign 
which might facilitate the diagnosis of fat embolism was worth repoiting and 
recording 

If I weie to say anything about treatment, it would be that measures de- 
signed to lemove the hematoma and its associated fat should be the back- 
giound of treatment That is to say, drainage of areas of operation upon bone, 
the use of a tourniquet during opeiations upon bone, and aspiration of any 
hematoma about a fracture 

I am giateful also to Doctoi Elting for his contiibution to the discussion, 
and if I may, with his consent, cany on the torch of the fat embolists, I shall 
be pioud to do so 
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There have been so maii)^ questions asked about the activities of the 
Amencan Boaid of Suigeiy, or lathei, about the piogiess which is being made, 
that the officeis of the Association felt it was desirable to have a statement 
made at this meeting 

I should like to say hist of all that there weie 1,570 applications received 
foi the Foundeis Gioup of the Boaid Of this number, after careful sciutiny 
m eveiy way that the Board knew how to make of the fitness of these men for 
meinbeiship, ceitificates were given to 93^ That is appi oximately 60 pei 
cent of those who applied I might say, however, that that is not really a fair 
indication because of those who meiely sent in applications and who had not 
already demonstiated the stipeiior training and ability in stiigery by being a 
member of the component 01 ganizations 01 by holding a professoiship or an 
associate professoiship in one of the lecognized medical schools, a much laiger 
percentage than 40 per cent uere 1 ejected I cannot give you the exact figtiie 
of that ntimbei 

Theie have been 423 candidates submitted to examination, excluding 86 
who have just been examined m New York duimg the first three days of this 
week Of this number there have been 205 who have finished Pait II of the 
examination , the 1 est wei e examined only m Part I 

Theie were 29 3 pei cent failuies m the examination Possibly some of 
you may think this is not a high enough mortality , othei s may think that per- 
haps the mortality is excessive At any late, foi the benefit of those who think 
that perhaps the mortality is not sufficiently high. I wish to call your attention 
to the fact that this examination lepresents really the third hurdle that the 
men have gone over who have taken it The fiist huidle, is as careful a®" 
sciutmy as the Boaid can possibly make concerning the man’s fitness to take 
the examination, that is determining his pievious tiainmg, etc 

The second huidle, is a personal inspection of a man’s perfoimance in the 
operating 1 oom, can led out either by a member of the Boai d 01 by some man 
already ceitificated by the Boaid in whom the Board has confidence 

There have been a considerable number of 1 ejections along the way 
Therefoie, when I state that there have been 30 per cent of failures in the 
examination, it would probably be more fair to say that 40 to 50 pei cent of 
those men uho have applied for the privilege of taking the examination have 
tailed to make the grade 

There are certain things that have come out that are of considerable interest 
m tliese examinations, and I would like to t ake a minute or tw o to dwell upon 

* Read before the Amencan Surgical Association, Hot Springs, Va, May ii, 12, 13, 
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at least one of these points, because it is a matter which I think concerns eveiy 
one of us heie who is concerned in any way with the teaching of suigeiy We 
have found that, as a whole, the men are fairly good on then clinical surgical 
work We have found that they aie also faiily good m the examination which 
IS given them m anatomy We find that m pathology, howevei, they are 
astoundnigly weak, to a degiee which is almost unbelievable 

I should like to say something about iiiy own expei lence, for instance, last 
Monday in this examination in New York As part of the gross tissues which 
we had foi examination by candidates, I had a fresh, nodulai thyroid which 
had been lemoved only two oi three hours befoie The specimen was in 
excellent condition, and looked exactly like a specimen that had just been 
removed fiom the patient There was nothing especially unusual about it I 
examined nine candidates, to all nine of whom I showed this specimen, be- 
cause of the lemaikable display of ignorance of gross pathology which the 
fiist candidate had shown The first candidate vhom I had, told me that this 
specimen was piobably a pancieas I asked him if there was anything the 
matter with it, and he said no, he would legard it as a noimal pancieas 

Incidentally, with leferences to what has just gone on here before, I might 
say that I said, “Well, then, you think this is probably an autopsy specimen^’’ 
He said, “No, I understand that Doctoi Whipple is removing the pancreas' 
This was piobably removed at operation” — but it was legaided as a normal 
panel eas 

The next man who saw this specimen said it was clearly a lipoma A third 
man, not in succession but a little later in the series, said that he was not able 
to tell from what pait of the intestine it had come, but obviously it was from 
the intestine, because it had intestinal mucous membrane on it 

I do not know uhat the explanation is of such ajipalling ignoiance in gross 
pathology I would have thought, befoie personal expei lence with these 
examinations — we have had six of them now — that such a thing would have 
been impossible on the pait of anyone who was pei forming general suigery 
I might say that these thi ee men were not men who confine their work, we 
will say, to fiactures oi oithopedic woik, or something of that sort, but they 
weie men who were trying to qualify themselves m general surgery, including 
thyi Old work 

My expei lence v as not unique The expei lence of all the othei examiners 
was practically the same as regaids pathology, and neither was the experience 
in New York unique We have met with that experience all over the country 
whei e we have given these examinations 

The importance of this observation, it seems to us who are teachers and 
who aie conducting services foi the graduate tiaining in surgery, is that we 
must see to it that men who aie spending a number of years in getting a 
graduate tiaining in suigery, must have during then course of training suffi- 
cient experience m gross pathology to avoid such catastiophic ignorance as 
many of these men are piesenting 

We do fail these men in their pathology when they make the deplorable 
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exhibits of themselves as these men have, and we compel them to take a le- 
examination m pathology This has had a veiy wholesome effect Some men 
who have failed m pathology, foi instance, at a previous examination, come up 
again foi a new examination with the statement that now they have spent a 
year learning pathology, and I think almost without exception they have made 
a veiy ci editable perfoimance on their second appeal ance 

I might say in refeience to this fact, also, we have positive knowledge that 
111 many instances courses of graduate tiainmg in suigeiy have been alteied so 
as to provide for those men who are being tiained in surgical careers, during 
their hospital woik, long periods of unmteri upted time when they will get a 
pretty sound ti ammg in pathology, both gi oss and niici oscopic 

I look upon this obseivation, which I have just cited in refeience to pa- 
thology, as a most astounding discoveiy I would not have thought that it 
was possible that young suigeons who otheiwise have obtained a pretty good 
training, could have been so deficient m one of the fundamental features of 
surgery, namely, pathology I feel that the fact that the Boaid has made this 
discovery will accomplish much good, and that if it has not accomplished 
anything else, the fact that it has noted the woeful lack of pathologic training 
has perhaps more than justified its existence 

I would like to say one iiioie thing This is m defense of the Board 
Theie have been many criticisms of all kinds, you could not possibly think of 
one that has not been leveled against the Boaid The Board is glad to 
receive these ci iticisms and to do what it can to con ect them W e have been 
111 existence only a little moie than two yeais We lealize that the whole busi- 
ness IS somewhat expeiimental from the standpoint of its opeiation We 
realize that changes will have to take place in the ultimate procedure of qualify- 
ing men for this ceitificate We do, however, hope that you will lealize that 
this IS an enoimous task, that all of the membeis of the Boaid spend a very 
great amount of time on this work We are veiy glad indeed to do it We 
do not mind receiving the blows and the ciiticisms fiom it, but we do hope 
that you will be peihaps somewhat charitable tow^aid us foi a year or tw^o 
longer until we can get the whole afifair working in a more efficient way 

When I state that we have been ^^olklng haid, I wish to tell you that the 
Board meets at least twice a year, and generally three times, for peiiods of 
three or foui days The work of the Boaid runs continuously from nine 
o'clock in the moining until eleven o’clock at night, except for usually about 
an houi foi lunch and an hour for dinnei Those of us who aie ordinal ily 
actively walking aiound and standing on oui feet feel it a haid task to sit down 
for so long a period of time 
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BRIEF COMMUNICATION 
AND CASE REPORT 

FATAL PULMONARY EMBOLISM PROM SUPERFICIAL 
THROMBOPHLEBITIS 

CASE REPORT 

D WooLPOLK Barrow, M D 

Lexington, Kt 

FltOM TIIL, DtP\RTMENTS OF SUIiaERl, TUL\NE UNH ERsm , CIIARITr HOSPITAL \ND LEVINGTO\ CUMC, 

LEMNGTON, K\ 

Ligation of a supeificial vein proximal to an area of superficial throin- 
bopliJebitis lias been advocated by Bancioft^ Edwaids,- Eisenldainm,-* Faxon,’’ 
Fieeinan,® Homans,'^ ® O’Neil, Sears, Stone, and others, not only because 
It afifords symptomatic relief, but also because it is believed it lessens the likeli- 
hood of pulmonaiy embolus The following case lepoit emphasizes the im- 
poitance of such a piophylactic surgical jiiocedure 

Case Report — F O B , white, female, age 49, was admitted to the New Orleans 
Charity Hospital October 14, 1938, complaining of pain in the left leg of ii days’ duration 
This had begun after bruising the left calf, ii days previously The pain was confined 
to the lower leg at first, but, at tlie time of admission, it had extended to the groin, and 
was aggravated by walking Tlie patient said she had had five mild chills prior to entry 

Twenty-eight years previously, soon after the birth of her first child, the patient had 
had a sudden onset of tremendous swelling and discomfort in her left leg A diagnosis 
of phlegmasia alba dolens (milk-leg) was made Her immediate discomfort was re- 
lieved by rest in bed, but ever since that time the patient had noticed dilated, tortuous 
supeificial veins of the left leg Subcutaneous rupture of one of the varices resulted m 
localized pain and a residual liematoma which was slowly absorbed Subsequentlj slie 
had a similar episode There had been no ulceration of the leg Five years before entr^, 
the patient had a cholecystectomy and incidental appendicectomy performed, without post- 
operative complications She had had whooping cough, chickenpox, measles, malaria, 
and rheumatic fever in childhood 

Physical Examination — The patient was obese, and was able but reluctant to walk 
because of the aggravation of pain which this caused in her left leg The left leg showed 
multiple, tender, nodular, cord-like swellings along the course of both the long and 
short saphenous veins The left calf was slightly larger than the right, and the sub- 
cutaneous tissues were indurated There was no detectable difference in temperature on 
the two sides The dorsalis pedis arteries on both legs were readily palpable Blood 
pressure 150/90 Pulse on admission was 103 and varied from 80 to 103 during the 
course of her stay m the hospital Temperature was 97 7° F on admission and varied 
between 977° and 100° F White blood count 14,500 on admission, urine negative 

Subsequent Cow sc — Ligation of the saphenous vein was proposed, but was not 
carried out, not only because it was felt that the thrombi were too widespread to be 
favorably affected, but also because the patient’s symptoms subside d so rapidly on con- 

Submitted for publication January 9, 1939 
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servative treatment Although the patient was anxious to go home slie was kept in 

bed, since localized tenderness remained . , , , 

On the fourteenth day at 5 30 A the patient experienced sudden pain undei the 

sternum immediately after exerting herself to get on the bed pan The pain was fol- 
lowed bv profuse sweating, dyspnea, cyanosis and death in a very few minutes 

Autopsy— Tht superficial veins of the left leg weie irregularly distended and con- 
tained firm clots These did not extend into the deep venous system at any point On 
microscopic examination the clots were found to be partially organized 

The lungs weie reddish-purple in color, boggy m consistency, and weighed 1,300 Gm 
On section the entire parenchyma ivas edematous The bronchial tree and hilar lymph 
nodes were normal A loose fitting thrombus filled the pulmonary artery and extended 
into the left mam branch The inferior vena cava, portal vein, iliac vein and femoral 
vein contained no thrombi The pathologist, on the basis of his examination, felt that 
die pulmonary embolus arose from the left great saphenous vein 


Although such serious sequelae following superficial tin ombophlebitis ate 
not commonl}^ found, NobP found that o 5 pei cent of fatal pulmonary emboli 
aiise in supeificial veins Proximal ligation of such a superficial tbrombopble- 
bitic vein would not only minimize the danger of such a disasti ous complica- 
tion, but has, in our experience, relieved the patient’s symptoms Furthei- 
inoie, since destruction of venous valves seems to be an inevitable sequela 
to till ombophlebitis,^ the affected vein, if not aheady vaiicosed, will become 
so, so that ligation will eventuall}'' be necessary, the technic of which should 
follow the accepted surgical methods of tieatment foi vaiicosities of the gioup 
of veins so affected We have not encounteied wound infection m patients 
thus tieated nor has it been lepoited m the hteiature 
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FINNEY-HOWELL RESEARCH FOUNDATION, INC 

Announcemea^t has been made by the Fmney-Howell Research Foundation, Inc, 
that all applications for fellowships for next 3'eai must be filed in the office of the 
Foundation, 1211 Cathedial Stieet, Baltimore, Md , by Januaiy i, 1940 Applications 
received after that date cannot be considered for 1940 awards, which will be made the 
first of March, 1940 

This Foundation w'as provided for m the wull of the late Dr George Walker of 
Baltimore for the support of “research w'ork into the cause or causes and the treatment 
of cancer ” The wull directed that the surplus income from the assets of the Foundation 
together wuth the principal sum should be expended within a period of ten years to 
support a number of fellow'ships in cancer research, each wuth an annual stipend of two 
thousand dollars, “m such universities, laboratories and other institutions, w'herever 
situated, as ma}”^ be approved by the Board of Directors ” 

Fellowships carrj'ing an annual stipend of $2000 are awarded for the period of one 
year, wuth the possibility of renew'al up to three years , when deemed wise by the 
Board of Directors, special grants of limited sums may be made to support the w'ork 
carried on under a fellowship 

Applications must be made on the blank forms wdiich wull be furnished by the 
Secretary or any member of the Board of Directors 
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CORRECTION 

In the article by Dr John dej Pemberton Reactions Followung Operations for 
Hyperthyroidism Annals of Surgery, 104, 507-512, October, 1936, the concentration of 
sodium citrate was erroneouslv reported The last four lines, page 512, should have read 
“In two of the cases of exophthalmic goiter marked clinical improvement apparently 
resulted from the intravenous administration of a solution of 0 5 per cent sodium citrate 
and o 9 per cent sodium chloride to which was added an active preparation of cortin ” 
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